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Foreword
The Ministry of Education, Culture, Sports, Science and Technology (MEXT)
has conducted a technology forecast survey to ascertain the future direction of
technology in Japan from a long-term viewpoint generally once every five years
since 1971. The latest survey is the seventh in the series. Countries in Europe, Asia
and other parts of the world have also started conducting similar surveys using the
Delphi method in recent years to formulate national science and technology
policies and technological development programs.
Incorporating more than a thousand topics, Japan’s technology forecast
survey is indeed extensive, ranging from the elucidation of principles to the
practical use of technologies in all kinds of fields.
In this survey we established three new independent fields of “Distribution”,
“Business and management”, and “Services” to gain a more accurate
understanding of the social application of information technology, and also set up
three needs-related subcommittees comprising experts in cultural and social
sciences to look into future socioeconomic needs as a basis for setting the survey
topics.
This survey would not have been possible without the cooperation of many
people. I should like to express my sincere thanks to the Technology Forecast
Committee and the members of the various subcommittees, who examined the
survey guidelines, set the survey topics and analyzed the results, the roughly 4,000
experts in related fields who took part in the survey, and the staff at the Institute for
Future Technology (IFTECH) who conducted the survey.
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CHAPTER 1
OUTLINE
11. Survey objectives
The promotion of science and technology is pivotal to the sound growth of Japan’s business
community, so it is crucial that we fully grasp the future direction of technological development from a
long-term viewpoint.
In this light, we conducted a technology forecast survey that took in the next 30 years to ascertain the
future of technology in Japan, and through this, contribute to the formulation of science and technology
policy, and provide a basic reference point for technology strategies in the private sector.
The Ministry of Education, Culture, Sports, Science and Technology (MEXT; Science and
Technology Agency until December 2000) has to date conducted six technology forecast surveys,
generally one every five years, since 1971 to ascertain the future direction of technology in Japan from a
long-term viewpoint. This is the seventh survey conducted.
2. Implementation structure
For the survey, MEXT established a steering committee within NISTEP, and the Institute for Future
Technology (IFTECH) established 14 technology field and 3 needs field subcommittees1 headed by
members of the steering committee. The technology field subcommittees comprised technological experts
in the appropriate field, and the needs field subcommittees comprised experts in the cultural and social
sciences. Reference 1 lists committee and subcommittee members.
The steering committee examined the overall structure, such as the survey plan and implementation
guidelines, and studied the survey results across all fields. The technology field subcommittees set the
survey topics, selected survey participants, and analyzed the survey results in their respective fields of
expertise. The needs field subcommittees identified possible future trends in socioeconomic needs over the
next 30 years.
After analyzing the results, the technology field subcommittees compiled reports for their respective
survey fields, and the needs field subcommittees compiled reports summarizing the results from a needs
perspective. NISTEP conducted an analysis of all fields handled by the survey, and the steering committee
prepared a comprehensive report based on these analysis results.
Steering committee
Technology field sub-committees Needs field sub-committees
Information and Communications New socioeconomic systems
Electronics Aging society
Life science Safety and Security
Health and Medical care
Agriculture, forestry, fisheries and food
Marine science, Earth science and Space
Resources, Energy and Environment
Materials and Processes
Manufacturing
Distribution
Business and Management
Urbanization and Construction
Transportation
Services
                                                     
1 Of the 16 fields covered, “Resources and energy”, “Environment”, “Marine science and earth science” and “Space”
were handled by a single subcommittee.
23. Outline
Science and technology today plays a crucial role in the economy, society, and our daily lives, and
should be viewed in a comprehensive light as an integral part of our social system. A key policy issue
when advancing science and technology is how to identify important technologies, and how to distribute
resources to where they are most needed and can have the most effect.
In this survey we have 1) set up a structure that not just focuses on the judgements of scientists and
engineers, but brings together the views of experts from a broad range of fields, including the cultural and
social sciences, when evaluating and selecting the survey topics; 2) adopted the broad applied domains of
information technology within society and the economy, especially domains in which Japan lacks
competitiveness, as independent fields; and 3) taken up not just technologies, but also socioeconomic
factors closely linked to those technologies as survey topics. Changes from the last survey are as follows.
• We established needs field subcommittees comprising mainly experts in cultural and social sciences,
and built a structure in which the socioeconomic needs identified were reflected in the topic-setting by
the technology subcommittees.
• We established three new independent fields of “Distribution”, “Business and management”, and
“Services” as fields for the practical application of information technology.
• We also introduced topics that while not strictly technology, are considered to be broadly connected
with the advancement of science and technology, e.g. systems and lifestyle, as “peripheral topics such as
social systems”.
(1) Survey fields
The survey covered 16 survey fields. The sixth survey consisted of 14 fields, but the following
changes were made for this survey.
• “Information” and “Communications” were combined into “Information and communications”.
• “Distribution”, “Business and management”, and “Services” were newly added.
• “Health, medical care and welfare” was changed to “Health and medical care”, and “welfare” was
included in “Services”.
Survey fields: a) Information and communications, b) Electronics, c) Life science, d) Health and medical
care, e) Agriculture, forestry, fisheries and food, f) Marine science and earth science, g) Space,
h) Resources and energy, i) Environment, j) Materials and processes, k) Manufacturing, l)
Distribution, m) Business and management, n) Urbanization and construction, o)
Transportation, p) Services
(2) Forecasted period
The forecasted period is 30 years from 2001 to 2030.
(3) Survey method
Like the previous survey, this survey was conducted using the Delphi method, and responses were
consolidated through two questionnaires.
Delphi method: The Delphi method is a method of consolidating respondents’ views by repeatedly
giving the same questionnaire to a large number of people. In the second and subsequent questionnaires
respondents receive a feedback of the results of the previous questionnaire so that they can reassess their
answers to the questions in the light of the overall trend of views. This is the major characteristic that sets
the Delphi method apart from ordinary survey methods. Some respondents will generally tend to support
the majority view, so it is possible to consolidate their views. The Delphi method, developed by the U.S.
Rand Corporation, was named after the site of the oracle of Apollo in ancient Greek mythology, and
according to legend, many gods used to gather there to foretell future events.
3 (4) Setting the topics
The needs subcommittees examined future socioeconomic needs according to the themes reflected in
their respective names. These were consolidated as needs items, and passed on to the technology
subcommittees.
The technology subcommittees set the topics, taking into account the above needs items. First, the
subcommittees set the scope of the survey in each of the fields, examined the future direction of
technological development, and prepared a framework that would also ensure important topics were not
omitted. They then drew up a list of topics.
The topics were set within the following parameters.
• Review the topic framework of the 6th survey in view of recent technological trends.
• The number of topics should generally be the same as the previous survey, with identical topics, revised
topics and new topics each accounting for roughly 1/3 of the topics.
• In principle, survey topics should be those thought to be realizable by 2030. Where necessary though,
topics that are realizable after 2031 may also be included.
• In principle, the technological stage of each topic should be expressed by one of the four keywords of
“elucidation”, “development”, “practical use” and “widespread use.”
• As for the place of realization, unless specifically mentioned the topic should assume realization
anywhere in the world, that is the country or region where realization is earliest.
• Two or more forecast particulars should not be included in one topic.
• Topics should include specific objective values and champion data wherever possible, and should
present an image of specific use and application.
• Where necessary, identical topics should be surveyed in more than one survey field.
• Take the needs identified by the needs subcommittees into account when drawing up the topics.
• Include non-technology topics (e.g. social systems and lifestyles) that are considered to be closely
connected with the advancement of science and technology in the survey.
After the subcommittees evaluated previous topics and examined new topics, they finally settled on
1,065 topics for the survey.
(5) Selecting survey respondents
Respondents were selected based on the recommendations of members in each of the technology
subcommittees. By asking for members’ recommendations, we sought to obtain as large a list as possible
of experts with extensive knowledge in the relevant topics or fields, keeping in mind the need for a good
cross-section of representatives from industry, the government and academia. Respondents had to be
“working in research and development, or research managers or in corresponding positions, and have
expert knowledge in the relevant fields.” The following points were also considered.
i) Sector (occupation)
In the last survey (sixth), we selected respondents according to the sectoral distribution of people
working in R&D in each of the fields, and from this, the average percentage breakdown of respondents
across all fields was company employees 36%, university-related 37%, public servants 15%, other non-
company employees 10%, and others 2%. For this survey we aimed at an industry-academia-government
mix commensurate with the character of each field.
ii) Age composition
For this survey our selection process was geared to increase the number of relatively younger
respondents in their 30s and 40s (in the previous survey, just under 80% of respondents were in their 40s
or 50s). We also tried to increase the proportion of female respondents (only 2% in the last survey).
We asked potential respondents identified through the above process whether they would be prepared
4to cooperate in the survey, then chose those who were prepared to cooperate to take part in the first
questionnaire. For the first part of the survey we sent questionnaires to 4,448 respondents, of whom 3,809
were sent questionnaires for the second part. We excluded those who decided to withdraw from the survey
after the first questionnaire.
The breakdown of final respondents by sector (occupation) for this survey was company employees
31%, university-related 42%, public servants 14%, other non-company employees 10%, and others 3%.
Compared to the previous survey, the percentage of university-related respondents rose while that of
company employees fell, largely because the separate fields of “Information” and “Communication”,
which had the largest number of company-related respondents, were combined into one field. By age, the
number of respondents in their 40s decreased slightly, while those in their 50s increased slightly. An
increase was also recorded in the percentage of female respondents, but here too, the increase was quite
small, and the percentage still languished at a low 3% (see Table (i) and (ii)).
(6) Survey items
Topic questions
We drew up the questionnaires in question form covering the survey items listed below for each of
the topics set at (4) above (for details see 4).
- Degree of expertise
- Degree of Importance to Japan
- Expected effect
- Forecasted realization time
- Current leading countries etc.
- Effective measures that the government should adopt
- Potential problems in Japan
Common questions
As well as topic questions, we also asked about the direction of R&D in Japan, and the overall
outlook of technological development across all fields.
Miscellaneous
We also asked respondents to include comments as follows in the general remarks column.
- Perspectives of science and technology in the 21st century (first questionnaire)
- Science and technology policy in Japan (second questionnaire)
- Comments about the overall survey (first and second questionnaires).
(7) Implementation of the questionnaires
The questionnaires were sent to respondents as follows.
First questionnaire (R1): August 2000 Second questionnaire (R2): December 2000
The second questionnaire asked respondents about the same topics as in the first questionnaire, and
included the results of the first questionnaire for reference. The wording of some topics in the second
questionnaire was reviewed and revised in the light of comments by respondents in the first questionnaire.
(8) Response assumptions
• In principle, this technology foresight covers what are considered to be key R&D topics over the
roughly 30-year period from 2001 to 2030.
• There will be no wars of a global scale or natural calamities that would cause socioeconomic upheaval
over the next 30 years.
5• Unless expressly indicated in the topics with such terms as “in Japan,” topic realization means
realization anywhere in the world.
4. Reading the survey results
Questionnaire results are shown as follows.
i) Topics
In some cases the two questionnaires differed slightly in the wording of the topic, but here we have
used the wording contained in the second questionnaire. The definitions of the keywords used in the topics
are as follows.
Elucidation : To scientifically and logically identify principles or phenomena.
Development : To attain a specific goal in the technological aspect (e.g. completion of a
No.1.  prototype).
Practical use : To be practically used after being proved economically viable (e.g.
completion of the first object that can be actually presented for practical use).
Widespread use : To be widely and commonly used after an object is put to practical use.
ii) Questionnaire rounds
The terms 1, 2 and X are used to indicate the following.
1 :
 
First round of the questionnaire (results from respondents indicating a “high,” “medium”
or “low” degree of expertise)
2 : Second round of the questionnaire (results from respondents indicating a “high,”
“medium” or “low” degree of expertise)
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6X : Aggregate results from respondents indicating a “high” degree of expertise in the second
round of the questionnaire.
iii) Number of respondents
The number of respondents in rounds 1 and 2 of the questionnaire shows the total number of
respondents indicating a “high,” “medium” or “low” degree of expertise (the number who indicated
“none” is not shown as they were not required to answer subsequent questions). On average about 82% of
respondents answered the second round questionnaire, so the number of second round respondents is
lower or the same as the number of first round respondents.
The number of “X” responses in the questionnaire rounds shows the number of respondents who
indicated a “high” degree of expertise in the second round of the questionnaire.
iv) Degree of expertise
The degree of expertise shows a percentage breakdown of respondents in iii) above who indicated a
“high,” “medium” or “low” degree of expertise. Respondents were asked to select one of the expertise
degrees defined below.
Respondents who chose “none” for degree of expertise were not required to answer questions after
degree of importance. We did, however, ask respondents who professed a lack of expertise but had a keen
interest in the topic to indicate a “low” degree of expertise and answer the subsequent questions.
High : Has considerable specialist knowledge about the topic through current research or
work related to the topic (including research based on literature).
Medium : Was once engaged in research or work related to the topic; or has some specialist
knowledge about the topic through research or work in an adjoining field.
Low : Has read technical books or literature about the topic or has listened to experts
connected with the topic.
None : Has no expertise.
v) Degree of importance to Japan
The degree of importance to Japan shows a percentage breakdown of respondents who indicated
“high,” “medium,” “low” or “unnecessary” for the topic’s importance. The index was worked out from the
following equation; the index is 100 when all respondents indicate “high” and 0 when all indicate
“unnecessary”.
Respondents who believed the realization of the topic was not necessary or that it should not be
realized were asked to indicate “unnecessary”.
Importance index = (number of “high” responses  x  100 + number of “medium” responses  x  50 +
number of “low” responses  x  25 + number of “unnecessary” responses  x  0) ÷
total number of degree of importance responses.
Respondents were asked to select one of the importance degrees defined below.
High : Extremely important
Medium : Important
Low : Somewhat important
Unnecessary : Not important
vi) Expected effect
The figures here show the percentage of the respondents at iii) who selected each of the four expected
effects of the topic’s realization, listed below. For this, respondents were allowed to select more than one
effect (or none if nothing was applicable).
- Contribution to socioeconomic development : Development of innovative products, creation of new
7industry and employment, enlargement of economic frontiers, development of social and economic
infrastructure, etc.
- Resolution of various problems of a global scale : Solutions for regional or global environmental
problems, protection of natural environment and ecology, prevention of environmental destruction
and pollution, steady supply of energy, and supply of food and natural resources, etc.
- Response to people's needs: Prevention of and recovery from illness, improvement of living
environment, assistance for elderly and disabled people, securing of disaster prevention and safety,
etc.
- Expansion of human intellectual resources : Discovery of new rules and principles, establishment of
original theories, development of art and culture, etc.
vii) Forecasted realization time
The forecasted realization time graph shows the distribution of responses of “2001–2005” through
“2031–“, and was calculated according to the method explained below. Responses of “will not be realized”
or “do not know” were excluded.
 (Forecasted realization time graph)
Q1 : Realization time corresponding to the response at the 25th percentile of all responses after
they were arranged in chronological order from the earliest to the latest realization time.
M : Realization time corresponding to the response at the 50th percentile.
Q3 : Realization time corresponding to the response at the 75th percentile.
The width of the pentagon (distance between Q1 and Q3) shows the range of realization time
distribution for the half of all respondents who were positioned around the middle of the realization time
responses.  A narrow width represents a strong consensus among respondents.
The M value is used in cases where the topic realization time in the chronological table is expressed
as a numerical value. The number of respondents who selected “will not be realized” or “do not know” are
shown as a percentage of respondents at iii) above.
viii) Current leading countries etc.
This shows the percentage of respondents at iii) who selected each of the four countries or regions
below as a world leader in the topic in question. Respondents were allowed to select more than one
country or region.
- Japan
- USA
- EU (As of June 2000 the EU comprises the 15 countries of Austria, Belgium, Denmark, Finland, -
France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden,
Forecasted realization time
： Distribution of realization time reseponses in the first
round of the questionnaire
2006 2011 2016 2021 2026 2031
▼ ▼ ▼ ▼ ▼ ▼
： Distribution of realization time reseponses in the second
round of the questionnaire
Q1 Q3
Distribution of realization time reseponses of respondents
who indicated a "high" degree of expertise in the first
round of the questionnaire
Distribution of realization time reseponses of respondents
who indicated a "high" degree of expertise in the second
round of the questionnaireM
：
：
8and UK.)
- Others (enter specific country in the response column)
- Do not know
ix) Effective measures the government should adopt in Japan
This shows the percentage of respondents at iii) who selected each of the eight items below as
effective measures that the government should adopt in Japan to promote R&D aimed at the realization of
the topic in question. This was a multiple response question. We also asked that respondents not make a
selection if they believed no measures were appropriate; as in the case where realization was best left up to
market forces.
- Foster human resources : Education, training and securing of researchers, technical personnel, and
research supporters
- Reinforce cooperation of industry and the academic world and among fields : Mobilization of
personnel, cooperative effort over fields including human science and personnel exchange among
industry, academic and governmental sectors, and promotion of joint projects
- Develop research and development infrastructure : Improvement of large-scale joint facilities and
equipment, establishment of databases, provision of reference materials and gene resources
- Increase government research funding : More research and development capital injected by the
government (including R&D subsidies for private sectors)
- Develop environment for business startups : Capital and tax measures that support venture and new
businesses
- Relax or abolish related regulations
- Reinforce or establish related regulations : Stronger protection of intellectual property rights,
promotion of electric vehicles by the introduction of an environment tax
- Others
x) Potential problems in Japan
This shows the percentage of respondents at iii) who selected each of the four items below as
problems of concern (disadvantages) that could arise in Japan as a byproduct of the topic’s realization.
Respondents were allowed multiple responses (none if nothing was applicable).
- Adverse effect on the natural environment: Negative effects on natural environment (regional or
global environmental pollution, destruction of ecology, etc.)
- Adverse effect on safety: Negative effects on safety and security (security, disaster prevention, health,
bad effects on privacy (e.g. occurrence of natural disasters, increase of crimes, leaking or
unauthorized use of information)
- Adverse effect on morals, culture or society: Negative effects on ethics, culture and society (bad
effects on bioethics, human psychology, human relationships, traditional culture, education, region
and community)
- Other adverse effects (Describe in detail in the space provided for answering.)
5. Presentation of information
The way this report presents the data and topics is described below.
• For questionnaire totals in each of the topics, forecasted realization times (year) are whole numbers with
any decimals discarded, and degree of importance and other survey items with percentages or indices
are rounded off to the nearest whole number.
• Average values for survey fields are, in principle, rounded off to the first decimal point, but where this is
too cumbersome for graphs and the like, values are rounded off to the nearest whole number.
• For topic descriptions, in principle we have used the wording used in the questionnaire (text of topics in
the table of aggregate results for each field at Chapter 3), however where we thought this was too
9cumbersome, we have used a shortened form of the topic. The shortened field name and the topic
number are entered in front of the topic text.
The following shortened forms have been used for field names.
Field Shortened form
Information and communications Information
Electronics Electronics
Life science Life science
Health and medical care Health
Agriculture, forestry, fisheries and foods Agriculture
Marine science and earth science Marine & earth
Space Space
Resources and energy Resources
Environment Environment
Materials and processes Materials
Manufacturing Manufacturing
Distribution Distribution
Business and management Business
Urbanization and construction Urbanization
Transportation Transportation
Services Services
The following shortened forms have been used for survey items.
Survey items Shortened form
Degree of importance to Japan Importance
Expected effect Expected effect
Contribution to socioeconomic development Socioeconomic development
Resolution of various problems of a global scale Resolution of global problems
Response to people’s needs People’s needs
Expansion of human intellectual resources Expansion of intellectual resources
Current leading countries etc. Leading countries
Effective measures the government should adopt in Japan Measures the government should adopt
Reinforce cooperation of industry and the academic world
and among fields
Reinforce cooperation among sectors
and fields
Potential problems in Japan Potential problems
Table (i)  State of questionnaire responses and breakdown of respondent numbers
Responses Attributes (round 2 questionnaire) Unit; persons
R1 R2 Sex Age Occupation Occupational category
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1. Information 96 347 294 85% 293 227 77% 223 2 2 22 100 85 19 1 121 88 11 5 2 195 32
2. Electronics 69 318 273 86% 273 216 79% 214 2 27 101 77 10 1 156 48 5 5 1 1 203 12 1
3. Life science 88 287 227 79% 227 174 77% 163 11 16 62 68 28 37 107 17 12 1 153 21
4. Health 94 272 210 77% 210 156 74% 152 4 1 5 54 67 29 6 127 16 5 2 93 63
5. Agriculture 79 386 369 96% 369 317 86% 296 21 2 24 77 158 49 7 43 97 142 21 14 272 45
6. Marine & earth 65 256 230 90% 230 198 86% 193 4 1 1 17 55 92 27 5 1 37 89 46 18 7 1 167 30 1
7. Space 40 160 143 89% 143 120 84% 118 2 3 30 63 23 1 10 36 20 50 4 106 14
8. Resources 78 321 263 82% 263 226 86% 219 5 2 3 19 61 115 24 4 65 79 24 50 8 191 34 1
9. Environment 40 361 294 81% 294 249 85% 241 8 3 17 81 119 26 3 61 92 34 57 5 211 37 1
10. Materials 103 331 287 87% 285 239 84% 235 4 2 11 61 113 47 5 65 135 26 8 4 1 220 19
11. Manufacturing 52 212 198 93% 198 167 84% 164 1 2 1 7 38 86 31 4 92 58 4 6 7 125 42
12. Distribution 40 171 144 84% 144 113 78% 107 4 2 18 34 51 7 3 29 76 1 2 5 79 34
13. Business 38 212 170 80% 170 127 75% 121 3 3 16 23 47 29 11 1 71 40 1 3 11 1 50 76 1
14. Urbanization 73 329 274 83% 273 221 81% 214 6 1 43 76 82 16 4 43 117 47 12 2 187 34
15. Transportation 60 290 272 94% 272 232 85% 226 2 4 3 17 60 106 41 3 2 84 65 41 36 3 3 130 100 2
16. Services 50 195 165 85% 165 124 75% 112 12 3 12 38 44 19 8 38 52 5 21 8 69 55
Total 1065 4448 3813 86% 3809 3106 82% 2998 91 17 19 274 951 1373 425 59 5 958 1306 440 311 84 7 2451 648 7
6th survey 1072 4868 4220 87% 4196 3586 85% 3515 71 0 21 281 1297 1457 482 43 5 1303 1341 532 347 57 6 2929 650 8
Table (ii)  State of questionnaire responses and percentage breakdown of respondents
Responses Attributes (round 2 questionnaire)
R1 R2 Sex Age Occupation Occupational category
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1. Information 96 347 294 85% 293 227 77% 98% 1% 1% 0% 10% 44% 37% 8% 0% 0% 53% 39% 5% 2% 1% 0% 86% 14% 0%
2. Electronics 69 318 273 86% 273 216 79% 99% 1% 0% 0% 13% 47% 36% 5% 0% 0% 72% 22% 2% 2% 0% 0% 94% 6% 0%
3. Life science 88 287 227 79% 227 174 77% 94% 6% 0% 0% 9% 36% 39% 16% 0% 0% 21% 61% 10% 7% 1% 0% 88% 12% 0%
4. Health 94 272 210 77% 210 156 74% 97% 3% 0% 1% 3% 35% 43% 19% 0% 0% 4% 81% 10% 3% 1% 0% 60% 40% 0%
5. Agriculture 79 386 369 96% 369 317 86% 93% 7% 0% 1% 8% 24% 50% 15% 2% 0% 14% 31% 45% 7% 4% 0% 86% 14% 0%
6. Marine & earth 65 256 230 90% 230 198 86% 97% 2% 1% 1% 9% 28% 46% 14% 3% 1% 19% 45% 23% 9% 4% 1% 84% 15% 1%
7. Space 40 160 143 89% 143 120 84% 98% 2% 0% 0% 3% 25% 53% 19% 1% 0% 8% 30% 17% 42% 3% 0% 88% 12% 0%
8. Resources 78 321 263 82% 263 226 86% 97% 2% 1% 1% 8% 27% 51% 11% 2% 0% 29% 35% 11% 22% 4% 0% 85% 15% 0%
9. Environment 40 361 294 81% 294 249 85% 97% 3% 0% 1% 7% 33% 48% 10% 1% 0% 24% 37% 14% 23% 2% 0% 85% 15% 0%
10. Materials 103 331 287 87% 285 239 84% 98% 2% 0% 1% 5% 26% 47% 20% 2% 0% 27% 56% 11% 3% 2% 0% 92% 8% 0%
11. Manufacturing 52 212 198 93% 198 167 84% 98% 1% 1% 1% 4% 23% 51% 19% 2% 0% 55% 35% 2% 4% 4% 0% 75% 25% 0%
12. Distribution 40 171 144 84% 144 113 78% 95% 4% 2% 0% 16% 30% 45% 6% 3% 0% 26% 67% 1% 2% 4% 0% 70% 30% 0%
13. Business 38 212 170 80% 170 127 75% 95% 2% 2% 0% 13% 18% 37% 23% 9% 1% 56% 31% 1% 2% 9% 1% 39% 60% 1%
14. Urbanization 73 329 274 83% 273 221 81% 97% 3% 0% 0% 19% 34% 37% 7% 2% 0% 19% 53% 21% 5% 1% 0% 85% 15% 0%
15. Transportation 60 290 272 94% 272 232 85% 97% 1% 2% 1% 7% 26% 46% 18% 1% 1% 36% 28% 18% 16% 1% 1% 56% 43% 1%
16. Services 50 195 165 85% 165 127 77% 90% 10% 0% 2% 10% 31% 35% 15% 6% 0% 31% 42% 4% 17% 6% 0% 56% 44% 0%
Total 1065 4448 3813 86% 3809 3106 82% 97% 3% 1% 1% 9% 31% 44% 14% 2% 0% 31% 42% 14% 10% 3% 0% 79% 21% 0%
6th survey 1072 4868 4220 87% 4196 3586 85% 98% 2% 0% 1% 8% 36% 41% 13% 1% 0% 36% 37% 15% 10% 2% 0% 82% 18% 0%
CHAPTER 2
SURVEY RESULTS
(GENERAL FINDINGS)
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1. Japan’s priority science and technology fields
1.1. Outline of the survey
The technology foresight brings together the knowledge and views of experts in their respective
fields in an effort to gain an insight into the future of science and technology, so by necessity, we have had
to set vertical respondent groups corresponding to the fields of expertise. The respondent population is
therefore different for, say, life science topics and information and communications topics. When utilizing
technology foresight data in drafting science and technology policy, and especially in examining science
and technology priorities, the need to compare technologies in different fields will arise, however, a
certain amount of care must be exercised in any direct comparisons of survey results from different
respondent populations. From our experiences in past technology foresights, we know that respondents
tend to give higher priority to technologies in their own expert domains (professional bias). So in
designing survey fields, there is a need to exercise caution when adopting narrow domains as independent
fields. At the same time, though, we also know from past results and comparisons of the degree of
importance of topics between fields that the results tend to be rational, and there are hardly any cases
where the true importance of topics that have been ranked highly has been difficult to comprehend. We
need to look more deeply into this professional bias before referring to the survey results for prioritizing
research and development investment and resources. So in this survey, we set a question common to all 16
fields asking about “science and technology fields that are important for Japan’s future”.
1.1.1. Question details
In this question, we assumed two stages of future science and technology trends — “next ten years”
and “after 2010”. We asked respondents the following question regarding science and technology fields
they thought important (priority science and technology fields).
Question
Considering Japan’s future, what fields of science and technology do you believe should be given a
high priority?
1: Priority science and technology fields over coming ten years
Looking ahead over the next 5–10 years, choose up to three fields in which you believe research and
development should receive high priority now. Mark the appropriate numbers in the answer column.
2: Priority science and technology fields after 2010
Fields on which priority should be placed will probably change over time as science and technology
advances and socioeconomic conditions change, but looking ahead a further ten years into the future
(2011–2020), which fields do you believe will have a high priority in research and development around
2010? Choose up to three fields, and mark the appropriate numbers in the answer column.
Table 2.1-1 shows the six science and technology fields listed in the answer column for selection in
response to this question. The Delphi process was also followed for this survey. That is, respondents
indicated their answers to this question over two questionnaire rounds. In the second round, respondents
were able to reassess their views after looking at the aggregate results from all respondents from their own
particular fields. They were not, however, shown the aggregate results from respondents in other fields.
Table 2.1-1   Six science and technology fields
(1) Information technology (Information, Communications, Electronics etc.)
(2) Life science (Life science, Medical care, Food etc.)
(3) Earth science and environment technology (Environment, Resource, Energy, Ocean, Earth, Space, etc.)
(4) Material technology (Substance, Material, Process technology etc.)
(5) Manufacturing and management technology (Manufacturing, Distribution, Business, etc.)
(6) Social infrastructure technology (City, Traffic, Social service etc.)
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1.1.2. Number of responses and method of aggregating responses
We used the results of the second round questionnaire for the aggregate. We sent out 3,809 round 2
questionnaires, and received 2,849 responses to this question. This was a response rate of 74.8%.
Respondents were classified into six expert groups, and results such as response rates are shown for
each group. Table 2.1-2 shows the corresponding relationship between the six fields in this question and
the 16 fields in the technology foresight survey.
The 16 technology foresight fields were divided into related fields to make up the six in this question,
so there were large differences in the number of members in each of the expert groups. To remove this
imbalance, we standardized the weight of each of the groups to 1, and calculated the response rate for the
six fields.
Table 2.1-2   Six respondent groups and fields in the technology foresight
Respondent groups Fields in the 7th technology foresight
1: Information experts Information, Electronics
2: Life science experts Life science, Health, Agriculture
3: Earth science and environment experts Marine & earth, Space, Resources, Environment
4: Materials and processes experts Materials
5: Manufacturing and management experts Manufacturing, Distribution, Business
6: Social infrastructure experts Urbanization, Transportation, Services
1.2. Survey results
1.2.1. Overall trend
Figure 2.1-1 shows the survey results. “Earth science and environment technology”, “information
technology” and “life science technology” were the top three current priority science and technology fields,
while “material technology”, “manufacturing and management technology” and “social infrastructure
technology” were the three lowest rated technologies, barely managing to score a third of the responses of
the top three.
Figure 2.1-1   Important fields  (coming 10 years)
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Information
Life science
Earth & environment
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Information experts
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Figure 2.1-2 shows the results for “priority science and technology fields after 2010”. The number of
responses indicating “earth science and environment technology” and “life science technology” rose; more
than 90% of respondents judged these two as priority fields. Response rates for “social infrastructure
technology” and “material technology” increased 50% over their corresponding rates for “current priority
fields”, indicating a perceived need to increase the weight of research and development in these fields as
well over the long term. On the other hand, the response rate for “information-related technologies”
dropped about 60%. Only about half of the members of the information experts group chose information-
related technologies, while among the other five groups, the percentage was no more than about 30%.
The results show that most respondents chose the two fields of “earth science and environment-
related technologies” and “life science technology” as the highest priority, while the remaining field was
chosen among “social infrastructure technology”, “material technology” and “information technology”.
Figure 2.1-2   Important fields  (after 2010)
1.2.2. Group trends
Figure 2.1-3 shows changes in response rates for “coming 10 years” and “after 2010” for each group.
The average response rate for the information-related field was about 80% for “coming 10 years”, but it
dropped to about 30% for “after 2010”. The response rate of the information experts group was about 15%
higher than the average response rate for “coming 10 years” and about 20% higher for “after 2010”,
indicating a higher assessment of their own field. The same trend was seen in the life-related and earth
science and environment-related fields, which received high response rates across all fields, with the
“coming 10 years” response rate by the respective expert group for its own field about 25% higher than
the average; it was also seen in the lower-ranked manufacturing and management-related and social
infrastructure-related fields. This trend was especially pronounced in the material-related field, where the
response rate was 50% higher than among other experts for the “coming 10 years”, and about 40% higher
for “after 2010”, indicating a strong support by the experts for their own field of expertise. A comparison
of responses for “after 2010” shows that all groups apart from the material-related experts rated their own
field 10–15% higher than the average.
The results for “coming 10 years” indicate a clear tendency toward professional bias in giving
priority to one’s own field of expertise when assessing priority fields. On the other hand, the tendency
toward professional bias decreased when experts were asked to judge priority fields from a medium- to
long-term perspective for “after 2010”.
While there is a strong possibility that professional bias will influence judgements on current
situations, this influence is considered to be negligible in the assessments made in this survey, which looks
30 years into the future.
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<Information technology> <Material technology>
<Life science> <Manufacturing and management technology>
<Earth and environmental technology> <Social infrastructure technology>
Figure 2.1-3   Changes in response rates for “coming10 years” and “after 2010” for each group
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1.2.3. Supplementary survey concerning responses on information technology
To find out the causes for the drop in responses placing importance on information technology after
2010, we asked about 800 respondents who responded to the second questionnaire why they chose or did
not choose information technology as a priority field after 2010 in a supplementary survey in May 2001
(see Ref. II).
Most experts who chose information technology as a priority field after 2010 either understand
information technology as a broad concept to include peripheral domains; consider it to be pivotal for
economic growth and social development; or think there is still great scope for technological advancement.
In contrast, most experts who did not choose information technology view information technology in its
narrow sense, and while believing that it will take on an increasingly base-like character and merge with
other fields to form new domains, they no longer consider these new domains to be information
technology; or they believe that technologies revolving around semiconductors and computers will reach
maturity in the near future.
The main reason for the division in the experts’ assessments was a difference in their respective ideas
about information technology, and as for the future, even the experts are unable to reach a consensus on
exactly what this field will be.
1.2.4. Conclusion
The survey on priority fields over the next ten years and after 2010 revealed the following.
i) Information-related technologies, life-related technologies, and earth science and environment-related
technologies are rated highest as priority fields over the next ten years. After 2010 however, the position
of information-related technologies as a priority field changes significantly, with support plunging to
less than half.
ii) Life-related technologies and earth science and environment-related technologies are rated highest as
priority fields after 2010. Occupying the next level were information-related technologies, material-
related technologies and social infrastructure-related technologies.
iii) Professional bias is quite strong in respondents’ assessments about current situations, but its influence
diminishes considerably in medium to long-term outlooks.
iv) Many experts believe the new fields that will emerge as information-related technologies take on an
increasingly base-like character and merge with other fields will no longer fall within the framework of
“information-related technologies”. This is the main reason for the drop in responses placing importance
on information-related technologies after 2010.
v) There was no consensus among the experts about the concept of the future information technology field.
An important medium-term policy issue is to build a field concept that includes its position within the
overall science and technology base and its merger with other fields, and look into the kinds of new
domains that are likely to emerge.
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2. Topic results
2.1. Degree of importance
Here we shall look at forecasts for those of the 1,065 topics in all fields (referred to as “all topics”)
that were assessed as having a high degree of importance. Respondents were asked to classify the
importance of each topic as “high”, “medium”, “low” or “unnecessary”. We calculated importance indices
for the topics based on the total number of respondents and weighted values of 100 for “high”, 50 for
“medium”, 25 for “low” and 0 for “unnecessary”. Where all respondents indicated “high” the index is 100,
and where all indicated “unnecessary” it is 0. Unless otherwise specified, from now on all data used are
from the second round questionnaire.
      Iindex  =  (100 x Nhigh + 50 x Nmedium + 25 x Nlow) / Nall
Iindex : Degree of importance index
Nhigh : Number of “high” responses
Nmedium : Number of “medium” responses
Nlow : Number of “low” responses
Nall : Total number of degree of importance responses (Nhigh + Nmedium + Nlow + Nunnecessary)
The average index for all topics is 61.2, slightly down from the 62.1 recorded in the sixth survey. By
fields, life science has the highest average index with 72.6, followed by electronics (66.2), environment
(65.5), and manufacturing (65.4), while the lowest is distribution with 46.6, then space (53.1).
Compared to the last survey, major increases were recorded in life science (66.1→72.6) and materials
and processes (58.1→62.7), while environment (72.0→65.5) and transportation (60.3→55.1) both fell.
The field with the largest number of topics in the list of top 100 topics in degree of importance was
life science with 21 topics, followed by electronics (12 topics), materials and processes (10 topics),
agriculture, forestry, fisheries and food (9 topics), information and communications (7 topics), and marine
science and earth science (7 topics).
Figure 2.2-1   Importance index by field
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The top ranking topic was “Development of technology capable of forecasting the occurrence of
major earthquakes (magnitude 7 or above) several days in advance” from the marine science and earth
science field. It jumped from 7th position in the last survey. Next was “Major advances in technology for
disposing of disused manufactured products, leading to the emergence of commercial services capable of
reducing the final disposal volume to one-tenth the current level” from the services field; followed by
“Practical use of technology for the safe disposal of highly radioactive solid waste” from the resources and
energy field; “Identification and classification by the molecular etiology of the genes related to diabetes,
hypertension, and arteriosclerosis, which are typical lifestyle diseases that exhibit multiple-factor
hereditary traits” from the life science field, and “Widespread use of highly reliable network systems
capable of protecting the privacy and secrecy of individuals and groups from the intrusion of ill-
intentioned network intruders” from the information and communications field. All top-ranking topics
relate to aspects of high social concern.
We divided the top 100 topics assessed as having a high degree of importance in the fifth (1992),
sixth (1997) and seventh (current) surveys into the following six classifications to examine trends in
important topics.
i) Environment-related technologies ranging from global environmental issues to local waste disposal
ii) Information-related technologies such as memory and semiconductors, and the internet and other
networks
iii) Life-related technologies such as gene technology and treatment of illness
iv) Disaster-related technologies such as prediction and prevention of earthquakes and other natural
disasters
v) New energy technologies connected with the use of solar energy and other non-fossil fuel energy
vi) Others
In this survey, life related technologies increased substantially over the previous survey, and, together
with information-related technologies and environment-related technologies, which generally remained
the same, accounted for about 3/4 of all topics. About half of the top 100 topics in the previous survey
(same or revised wording) also made the top 100 list in this survey.
Table 2.2-1   Top 100 topics by classification
Classification 7th survey （2001） 6th survey (1997) 5th survey (1992)
Environment-related technologies 26 25 28
Information-related technologies 21 24 10
Life-related technologies 26 17 37
Disaster-related technologies 8 11 9
New energy technologies 10 11 6
Others 9 12 10
Characteristics of each classification are as follows.
Environment-related technologies
From the fifth to the sixth surveys we could see a shift from global environmental issues to more
grass-roots issues such as recycling. In the latest survey, the number of topics dealing with recycling, zero
emission, LCA etc. increased from nine to 14, indicating a greater emphasis on efforts to become a
recycling society. Global environmental issues still attracted interest, though, with four global-warming-
related topics included in the top 100 (down from five in the last survey). Two topics connected with
endocrine-disrupting substances appeared in the top 100 for the first time this survey.
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Information-related technologies
Network system topics increased significantly between the fifth and sixth surveys, as did
semiconductor-related topics.  In this survey as in the previous, network- and semiconductor-related topics
each accounted for almost half of the topics dealing with information-related technologies.
Of the eight topics that newly appeared in the top 100 in this survey, five were network-related,
dealing with high-volume high-speed communication and communication security.
Life-related technologies
The number of life-related technology topics in the top 100 dropped from the fifth to the sixth
surveys, especially brain-related and medical care topics. In this survey, we saw an increase in the topics
reflecting the remarkable advances seen in life science over the past few years, such as genome topics
(surmising protein functions, genome identification of lifestyle diseases, and gene diagnosis) and
regenerative treatment topics.  On the other hand, the number of cancer-related topics fell slightly.
Appearing in the top 100 for the first time were three topics dealing with issues that have arisen as a
consequence of great advances in technology, such as life ethics and the safety of genetically modified
products.
Disaster-related technologies
There were no major changes seen in disaster-related technologies. Of the eight topics, six deal with
earthquakes, and of these, five were also in the top 100 in the last survey.
New energy-related technologies
The importance of energy that is friendly to the environment was underscored by respondents.  As in
the previous survey, topics connected with solar cells were rated highly, while two new fuel cell topics
made the top 100.  All three topics dealing with the disposal of high-level radioactive waste received an
index score of more than 90, highlighting the importance that is placed on this issue.  As for energy
resources, one topic on methane hydrates made the list for the first time.
Table 2.2-2   Top 100 important topics in the 7th Survey
Field Topic Importance Index
Forecast
ed
realizatio
n time
Classificatio
n
Ranki
ng
(6th
surve
y)
1 Marine &earth
55 Development of technology capable of forecasting
the occurrence of major earthquakes (magnitude 7 or
above) several days in advance.
95 2024 Disaster 7
2 Services
31 Major advances in technology for disposing of
disused manufactured products, leading to the
emergence of commercial services capable of
reducing the final disposal volume to one-tenth the
current level.
94 2015 Environment
3 Resources 49 Practical use of technology for the safe disposal ofhighly radioactive solid waste. 94 2021
New
energy 21
4 Lifescience
65 Identification and classification by the molecular
etiology of the genes related to diabetes,
hypertension, and arteriosclerosis, which are typical
lifestyle diseases that exhibit multiple-factor
hereditary traits.
93 2013 Life 32
5 Information
19 Widespread use of highly reliable network systems
capable of protecting the privacy and secrecy of
individuals and groups from the intrusion of ill-
intentioned network intruders.
93 2010 Information 16
6 Lifescience
01 Development of methods for surmising new
functions of proteins from DNA base sequence data. 93 2009 Life
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Field Topic Importance Index
Forecast
ed
realizatio
n time
Classificatio
n
Ranki
ng
(6th
surve
y)
7 Lifescience
38 Practical use of effective means to prevent metastasis
of cancer. 93 2017 Life 13
8 Information
18 Realization of an environment in which the unlimited
utilization of high-capacity networks (150 Mbps) for
around 2,000 yen/month or less is possible.
92 2009 Information 19
9 Marine &earth
51 Establishment of a method for evaluating the safety
of the underground disposal of high-level radioactive
wastes.
92 2016 Newenergy
10 Electronics
06 Practical use of technology enabling the mass
production of LSI with minimum pattern dimensions
of 10nm.
91 2015 Information 4
11 Lifescience
37 Widespread use of drugs capable of preventing the
occurrence of certain types of cancer. 91 2016 Life 40
12 Urbanization 26 Practical use of technology for disposing of high-level radioactive waste. 91 2021
New
energy
13 Lifescience
23 Widespread use of medical treatment that leads
dysdifferentiating carcinogenic cells into normal
state by controlling the signal transduction in
carcinogenesis of cells.
91 2020 Life 88
14 Manufacturing
40 Widespread use of a design - manufacturing -
collection - recycling system in which manufacturers
are obligated by law to collect and dispose of disused
products, and at least 90% of used material is
recycled.
90 2015 Environment 6
15 Lifescience
82 Development of technologies which dramatically
improve photosynthetic functions in order to increase
food production and preserve the environment.
90 2018 Life 60
16 Lifescience
11 It becomes possible to determine the entire base
sequences of an individual including genetic
structure and SNP (single nucletide polymorphism)
promptly and cheaply, leading to widespread use of
such methods for diagnosis and tailor-made
treatment.
90 2012 Life
17 Environment
21 Widespread use in virtually all types of automobiles
of a technique capable of meeting an emission
control standard that specifies a nitrogen oxide
emission limit of 0.1 to 0.2 g/km. (Current emissions
from heavy diesel motorcars are about 4 to 5 g/km,
and the 1978 standard value for gasoline passenger
cars is 0.25 g/km.)
90 2011 Environment 23
18 Lifescience
27 Practical use of a effective drug against multiple-
drug-resistant bacteria, including vancomycin-
resistant bacteria.
90 2011 Life
19 Materials
99 Practical use of systems for the genetic diagnosis and
treatment of cancer and incurable diseases based on
genome analysis.
90 2014 Life
20 Electronics
25 Widespread use of a portable multimedia wireless
terminal operating at about 100 Mbps which can be
used throughout the world.
90 2013 Information 69
22
Field Topic Importance Index
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n time
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ng
(6th
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21 Environment
22 Practical use of technology capable of reducing
particulate matter emissions from diesel vehicles to
10% of current levels (fiscal 1999 standard value for
vehicles weighing more than 2.5t is 0.25g/kWh
(average value)).
90 2011 Environment
22 Marine &earth
63 Formation of a global consensus regarding
international regulations on the emission of carbon
dioxide and other greenhouse gases that cause global
warming, including reductions in developing
countries.
89 2013 Environment
23 Lifescience
24 Complete understanding of the factors contributing to
stem cell proliferation, and widespread use of the
practice of proliferating stem cells, as necessary, in
vitro and using them for medical treatment.
89 2018 Life
24 Environment
38 Large reduction of the amount of buried industrial
waste as a result of advances in the reorganization
and integration of industrial technology aimed at
reducing waste emissions to zero.
89 2018 Environment
25 Information
50 Advances in software inspection and verification
technology, enabling  error-free, large-scale software
to be developed in a short period of time.
89 2019 Information 79
26 Health 04 Elucidation of carcinogenic mutation mechanisms. 89 2014 Life 33
27 Marine &earth
13 Elucidation of the mechanism of replacement of
dominant fish species such as horse mackerel,
sardine, saury and mackerel.
89 2016 Others
27 Materials 76 Practical use of large-area amorphous silicon solarcells with a conversion efficiency of more than 20%. 89 2016
New
energy 12
29 Materials 75 Practical use of multi-layer solar cells with aconversion efficiency of more than 50%. 89 2019
New
energy 11
30 Lifescience
17 It becomes possible to differentiate separated stem
cells into any organ in vitro, leading to clinical
application of such techniques.
89 2019 Life
31 Agriculture 01 Determination of the whole DNA sequence of crops(e.g. rice) to isolate useful genes. 89 2008 Life 49
32 Marine &earth
57 Realization of time-series observation of the
condition of magma inside volcanoes. 88 2019 Disaster
33 Space 20 The cost of rocket thrusted space transportation willbe reduced to less than 1/10 current levels. 88 2019 Others 5
34 Lifescience
16 Development of technology to regenerate targeted
organs from differentiated animal cells. 88 2017 Life
35 Lifescience
14 Elucidation of the environmental factors and
regulatory mechanisms of immune response which
triggers allergies such as hay fever and atopy,
enabling complete control over immediate type
hypersensitivity diseases.
88 2016 Life 94
36 Urbanization
04 Practical use in Japan of a mid-term (5 - 10 years in
advance) prediction technique for large-scale
(Magnitude 8 or larger) earthquakes based on
analyses of the crustal strain distribution and past
earthquake records.
88 2026 Disaster 36
23
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37 Lifescience
31 Production of biodegradable plastics, such as
bioplastics using microorganisms and plants,
accounts for more than half of the total volume of
worldwide plastic production.
88 2015 Environment 48
38 Agriculture
49 Practical use of rational resources management
technology once elucidation of the reproduction
processes of major fishery resources makes it
possible to predict long-term (10–20 years) changes.
88 2024 Others 68
39 Lifescience
05 Development of high-speed genome analysis
technology, and determination of the entire genome
sequences of at least 50 important animal and plant
species.
88 2009 Life
40 Resources
53 Widespread use of fuel cells as a highly efficient,
environmentally safe, and portable power source
(e.g. for electric vehicles).
88 2015 Newenergy
41 Information
79 Practical use of integrated building management
systems and home security systems which are linked
to an earthquake detection system, and take
advantage of the time delay to the arrival of seismic
waves from a non-direct-hit earthquake to initiate the
necessary safety measures to protect human life.
88 2016 Disaster 57
42 Electronics
10 Practical use of non-volatile, rewritable random
access semiconductor memories with more than 100
Gbits capacity.
88 2016 Information 24
43 Transportation
29 Widespread use of technology to reduce the harmful
components of exhaust gas from large trucks to 1/10
of present levels, such as diesel exhaust catalysts,
particulate traps, lean-burn NOx catalysts and high
precision combustion technology.
88 2011 Environment 72
44 Health 5 Elucidation of cancer metastasis mechanisms. 87 2014 Life 53
45 Agriculture
76 Elucidation of the mechanism by which the toxicity
of endocrine-disrupting chemicals is manifest and its
effect on reproductive functions, behavior, brain
functions, immune functions, etc., and the
establishment of safe limits for humans and
livestock.
87 2015 Environment
46 Lifescience
59 It becomes possible to prevent the progress of
Alzheimer’s disease. 87 2017
Life 54
47 Manufacturing
39 Widespread use of low entropy-generating eco-
factories, which give due consideration to the impact
on local ecosystems throughout product life cycles,
from manufacture to disposal.
87 2017 Environment 55
48 Materials 62 Development of superconductors with a transitionpoint at room temperature or higher. 87 2022 Others 77
49 Lifescience
09 Establishment of technologies for predicting
bioactivity and functional domain of proteins from
their higher-order structures.
87 2012 Life
50 Agriculture
62 Examination of the safety of genetically modified
farm products from both food and environmental
perspectives, and development of an evaluation
method that can gain the understanding of
consumers.
87 2011 Life
24
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51 Lifescience
72 Practical use of cancer treatment methods capable of
distinguishing cancerous cells from normal cells, and
targeting those cancerous cells.
87 2016 Life
52 Manufacturing
42 Widespread use of a “production-destruction”
manufacturing system in which a production system
of “design → production → use → disuse” is
combined with a resources recycling system of
“collection → dismantling and sorting → reuse →
production”.
87 2017 Environment
53 Urbanization
03 Development of a nationwide network for detecting
earthquakes, and widespread use in Japan of a
disaster prevention system that gives advance
warning of earthquakes likely to occur at a distance
of 50km or more.
87 2016 Disaster 59
54 Agriculture
79 Integration of food safety administration, and
establishment of forums for extensive discussions on
food safety and effective use of feedback for
administration.
86 2009 Others
55 Agriculture
75 Development of factories that purify river water by
fixing bacteria that breakdown dioxin and other
endocrine disrupters in carriers such as porous
charcoal.
86 2015 Environment
56 Electronics
22 Development of logic LSIs with 10 GOPS (giga-
operations per second) performance and power
consumption of 10 milliwatts or less.
86 2018 Information 46
57 Information
65 Widespread use of online seal-free (signature-free)
document preparation services for various official
documents such as contracts which are provided via a
network based on security technology capable of
achieving both privacy protection and verification.
86 2010 Information
58 Electronics 13 Practical use of TOPS (tera-operations per second)level microprocessors. 86 2019
Informatio
n 22
59 Agriculture
73 Practical use of technological structures and systems
for the proper use of forests while preserving the
forests and their functions (maintenance of
biodiversity, environmental purification, and
provision of scenery and comfort).
86 2017 Environment 82
60 Business
25 New industries take over from the data
communication industry to play a role of driving
force in the next generation.
86 2015 Others
61 Distribution
14 Widespread use among at least 80% of industries of a
system in which used or waste products are recycled
safely and efficiently on an industry-wide basis
rather than on a company or corporate group basis.
86 2015 Environment
62 Manufacturing
41 Widespread use of zero emission factories as a result
of advances in the development of carbon dioxide
collection technology.
86 2021 Environment 41
63 Resources
75 Establishment of waste sorting and collection
systems, leading to widespread use of recycling
systems that produce, distribute and consume
recycled materials and goods based on new economic
criteria and standards.
86 2016 Environment
25
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64 Electronics 36 Widespread use of 10 Gbps optical subscribersystems in homes. 86 2014
Informatio
n
65 Information
12 Widespread use of systems which facilitate
multimedia communication from anywhere in the
world using pocketbook-size portable terminals.
85 2008 Information 66
66 Marine &earth
27 Widespread use of technologies for the
comprehensive use and conservation of entire bays
with high utilization densities, such as Tokyo Bay,
Osaka Bay, etc.
85 2014 Others
67 Materials 52 Practical use of carbon dioxide fixation technologynecessary for protecting the global environment. 85 2019
Environm
ent 70
68 Materials 53 Practical use of hydrogen production processes forwater decomposition by sunlight. 85 2019
New
energy 64
69 Electronics
29 Practical use of technology that can completely
automatically design high performance LSIs with
several hundred kilo gates or more when given the
required system-level specifications written in a
high-level language such as C.
85 2011 Information
70 Electronics 07 Practical use of VLSI with more than 256 Gbits ofmemory per chip. 85 2015
Informatio
n 2
71 Electronics
18 Practical use of card-size wireless communication
instruments capable of changing specifications, such
as center frequencies, band width, modulation
method, and error correction method, by software
operations.
85 2012 Information
72 Materials 86 Development of three-dimensional cumulativeprocessing technology of nanometer scale. 85 2016 Others
73 Lifescience
87 Formation of consensus among the research
community on guidelines on ethics-based research
controls in the life science field in Japan.
85 2008 Life
74 Business
26 Industry clusters (structure in which each industry
utilizes the waste products of other industries in the
waste process) are established, and industries are
obligated to place reusable industrial waste on that
recycling route.
85 2014 Environment
75 Lifescience
13 Identification of most immunologically functional
molecules responsible for organ transplant rejection,
enabling organ transplantation free of side effects.
84 2017 Life
76 Information
10 The number of recycled parts in new personal
computers, including displays, exceeds 90% of all
component parts.
84 2012 Environment
77 Electronics 11 Practical use of LSIs operating at clockingfrequencies of more than 50 GHz. 84 2015
Informatio
n 38
78 Health 09 Elucidation of the arteriosclerosis contractionmechanisms. 84 2013 Life
79 Urbanization
14 Widespread use in Japan of technology that
accurately simulates the behaviors of structures or
the ground at the time of a string earthquake.
84 2012 Disaster
80 Environment 40 Introduction of an environmental tax in Japan withthe aim of preserving the global environment. 84 2009
Environm
ent 65
26
Field Topic Importance Index
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ed
realizatio
n time
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y)
81 Environment 39 Reduction of global carbon dioxide emissions to 20%below the 1990 level. 84 2027
Environm
ent
82 Distribution
09 Widespread use by at least 80% of companies in the
food sector of zero-waste or 100% recyclable product
development within the distribution process,
including packaging.
84 2015 Environment
83 Manufacturing
19 Development of semiconductor microprocessing and
measuring technology of 1nm resolution for
manufacturing 0.01 micron-rule LSI.
84 2013 Information
84 Electronics
37 Practical use of optical communication systems
capable of transmitting signals through multiplexed
1,000 channels at 100 Gbps over a single optical
fiber.
84 2016 Information 84
84 Lifescience
88 Guidelines for life science research in Japan’s
research community form the basis for enactment of
related laws and regulations, and are shared by teh
entire Japanese society.
84 2011 Life
86 Agriculture
63 Development of food capable of supporting a healthy
aging society from a nutritional perspective by
preventing a decline in anti-oxidation, brain and
chewing functions.
84 2012 Life
87 Materials 85 Practical use of memory chips with a capacity of 1terabit. 84 2016
Informatio
n 58
88 Urbanization
01 Widespread use in Japan of warning, forecasting,
evacuation assistance and crowd control systems that
dramatically reduce human loss in the event of a
natural disaster involving rivers, roads, etc. based on
localized weather forecasts.
84 2012 Disaster
89 Materials
35 Widespread use of  recycling systems for general-
purpose plastics, allowing recycled goods to account
for at least 30% of total production.
84 2015 Environment 17
90 Resources
13 Practical use of rational methods of collecting and
recycling useful substances in urban garbage based
on an LCA (life cycle assessment) perspective.
83 2014 Environment 29
91 Business 11 Network crime is reduced to about half current levelsas a result of advances in information technology. 83 2011
Informatio
n
92 Resources 28 Practical use of methane hydrate mining technology. 83 2022 Newenergy
93 Transportation 26 Widespread use of electric cars equipped with fuelcells. 83 2014
New
energy
94 Lifescience
33 Practical use of technology for the immediate
biological fixation of highly concentrated carbon
dioxide emitted from thermal power stations.
83 2018 Environment
95 Electronics
01 Practical use of single atom/molecule manipulation
techniques as methods for device fabrication and
gene manipulation.
83 2015 Information
96 Agriculture
74 Widespread use of environmental repair technology
capable of cleaning the pollution of closed water
areas, such as Kasumigaura, to prewar levels using
organism and ecosystem functions.
83 2018 Environment 25
97 Space 29 Widespread use of gigabit-class global satellitecommunication systems. 83 2013
Informatio
n
27
Field Topic Importance Index
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n
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y)
98 Manufacturing
24 Widespread use of non-fossil energy sources (wind,
geothermal, PV/solar heat, and waste heat) in all
areas of manufacturing.
83 2018 Newenergy 1
99 Marine &earth
40 Nationwide installation of bore-hole-type observation
equipment integrating various types of gauges (e.g.,
seismometers, tiltmeters, and strain-gauges) for use
in earthquake forecasting.
83 2016 Disaster 51
100 Materials
33 Widespread use of polymer synthesizing processes
that use renewable resources instead of conventional
petrochemical processes.
83 2019 Others
(Note) Last survey’s ranking is also shown for topics in the top 100 that are the same as or revised from the last survey
if applicable.
2.2. Expected effect
2.2.1. Overall trends
We asked respondents to indicate one or more (multiple choice) of the following four effects that can
be expected from the advancement of technology for each of the topics.
“Contribution to socioeconomic development” was the highest with 50.5%, followed by “response to
people’s needs” (45.5%), “resolution of various problems of a global scale” (27.0%), and “expansion of
human intellectual resources” (15.3%). The percentage for expanding human intellectual resources is quite
low compared to the other expected effects.
By field, business and management field was rated highest in “contribution to socioeconomic
development” with 77.0%, followed by electronics field (76.4%), manufacturing field (71.2%), and
material and processes field (69.4%), while environment field was rated lowest with 26.0%, followed by
health and medical care field (26.1%).  For “resolution of various problems of a global scale”,
environment field was rated highest with 78.6%, followed by resources and energy field (61.6%), marine
science and earth science field (55.3%), and agriculture, forestry, fisheries and food field (42.4%).  For
“response to people’s needs”, health and medical care field was especially high with 88.2%, followed by
services field (65.9%), information and communications field (65.2%), and life science field (61.7%). For
“expansion of human intellectual resources”, space field ranked highest with 47.1%, followed by life
science field (37.2%), and marine science and earth science field (28.3%).
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Figure 2.2-2   Expected effect by field
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2.2.2. Contribution to socioeconomic development
A breakdown of the top 20 topics in the “contribution to socioeconomic development” shows that the
electronics field had the highest with seven, followed by information and communications; urbanization
and construction; and transportation each with three. The field with the highest effect — business and
management — only had two topics in the top 20.  By content, there were six semiconductor and LSI-
related topics, three were connected with optical transmission, and five dealt with network utilization.
Table 2.2-3   Top 20 topics in “contribution to socioeconomic development”
Field Topic
Rati
o
(%)
Forecasted
realization time
1 Information
91:Widespread use of a SCM (supply chain management) system to handle
data management (orders, design, manufacturing, operations, and
maintenance) uniformly among related companies.
98 2008
2 Transportation
35:Practical use of a shipbuilding system centering on a large-scale product
database in which intelligent design production modules are dispersed
over a network, leading to a reduction in shipbuilding labor requirements
to about half the present level.
98 2013
3 Information 15:Development of an optical transmission system capable of high-volumetransmission of 1 Peta bps per optical fiber. 97 2013
4 Electronics 45:Practical use of optical soliton transmission for intercontinentalundersea cables and other long-distance fiber communications. 96 2015
4 Transportation
37:Development of an integrated ship-land system for comprehensively
managing ship operations in which shipping companies are connected
online with their ships, shipyards, parts manufacturers, etc. using satellite
communications, on-board LAN, and the Internet.
96 2010
6 Manufacturing 19:Development of semiconductor microprocessing and measuringtechnology of 1nm resolution for manufacturing 0.01 micron-rule LSI. 96 2013
7 Electronics 06:Practical use of technology enabling the mass production of LSI withminimum pattern dimensions of 10nm. 95 2015
8 Business
22:Production on order rather than production on estimated demand
becomes the norm due to the increased sophistication of e-commerce
networks and improved efficiency of business cycle times, resulting in a
dramatic reduction of inventory risk for companies.
95 2010
9 Business 13:Companies are obligated to disclose more financial data to the generalpublic. 95 2007
10 Transportation
40:Practical use of high-reliability vessels that can remain in service
maintenance-free for about 2 years, through improvements in the
reliability of hull materials, engines, etc. and the use of a real-time
monitoring system.
95 2014
11 Electronics
29:Practical use of technology that can completely automatically design
high performance LSIs with several hundred kilo gates or more when
given the required system-level specifications written in a high-level
language such as C.
94 2011
12 Urbanization 45:Widespread use in Japan of new structural materials made from newly-developed materials for buildings, bridges, weirs, etc. 94 2015
13 Electronics 22:Development of logic LSIs with 10 GOPS (giga-operations per second)performance and power consumption of 10 milliwatts or less. 94 2018
14 Urbanization
72:Widespread use in Japan of a framework in which governments
comprehensively evaluates the technological capability of companies,
including post-construction assessments of work carried out in the past,
and gives priority to this in the tendering and contracting process so as to
ensure the quality of public works.
94 2010
15 Electronics 55:Practical use of magnetic sensors capable of measuring LSI wiringcurrent without contact. 93 2014
16 Electronics 10:Practical use of non-volatile, rewritable random access semiconductormemories with more than 100 Gbits capacity. 93 2016
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Field Topic
Rati
o
(%)
Forecasted
realization time
17 Information
93:Emergence of a virtual company with an annual turnover of around
¥100 billion and at least 1,000 staff members working from home, and
whose organizational structure and operation is done entirely on the
Internet with no real head office building.
93 2010
18 Electronics
37:Practical use of optical communication systems capable of transmitting
signals through multiplexed 1,000 channels at 100 Gbps over a single
optical fiber.
93 2016
19 Materials 80:Practical use of photo-refractive material that can change its photo-refractive index by 0.1 or more. 93 2015
20 Urbanization 73:Widespread use throughout the world of international standards for allaspects of contracts and construction of international projects. 93 2012
2.2.3. Resolution of various problems of a global scale
Of the top 20 topics in the “resolution of various problems of a global scale” effect, more than half
(11 topics) were in the environment field.  By content, five topics were connected with observation and
monitoring, and five with greenhouse gases.
Table 2.2-4   Top 20 topics in “resolution of various problems of a global scale”
Field Topic
Rati
o
(%)
Forecasted
realization time
1 Space
01:Development of a system that monitors the entire global environment
from satellites in real time around the clock, and processes the data in
orbit for direct utilization from any place on the earth.
97 2012
2 Environment
01:Completion of high-accuracy, high-density observation system capable
of determining global changes of stratosphere ozone at different
altitudes.
97 2012
3 Urbanization 25:Widespread use throughout the world of technology for afforestationand turning desert into farmland to inhibit the advance of desertification. 96 2022
4 Life science
76:Development of crops with atmospheric nitrogen fixation and soil
phosphate fixation capabilities as an environmental preservation
technology that can reduce the application of fertilizers.
96 2018
5 Environment 17:Widespread use of an effective technology for regenerating damagedtropical forest ecosystems. 96 2019
6 Environment
06:Quantitative elucidation of the impact of climate change (rainfall,
temperature, etc.) on forests and other natural vegetation on a global
scale.
95 2020
7 Environment 15:Elucidation of the impact of loss of tropical forests on climate andweather. 95 2015
8 Environment 13:Elucidation of the impact of marine pollutants on marine ecosystems ona global scale. 95 2018
9 Life science 83:Practical application of breeding techniques for plants tolerant to dryand saline conditions aimed at desertification prevention. 95 2013
9 Space
07:Practical use of microwave radiometers to be mounted on satellites,
which are designed for measuring water, soil moisture, salt deposit
concentration, and ice/snow distribution on land over the entire earth
with a space resolution of 1 km or less.
95 2018
11 Environment 04:Elucidation to a high degree of accuracy of the mechanism ofgeneration, absorption and fixation of carbon dioxide. 95 2015
12 Agriculture
17:Widespread use of a cultivation technique across Asia that reduces
methane emission from paddy fields, while maintaining/improving rice
yields.
95 2018
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Rati
o
(%)
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13 Materials 52:Practical use of carbon dioxide fixation technology necessary forprotecting the global environment. 94 2019
14 Space
09:Practical use of satellite-mounted microwave sensors capable of
measuring biomasses within an accuracy of 1kg/m2 or less. (The dry
weight of plants determines the amount of carbon dioxide exhausted, and
this is related to global warming.  The current status is 1.4kg/m2 with the
shuttle SIR-C.)
94 2013
14 Environment 12:Completion of global automatic and remote sensing networks formonitoring marine pollution and marine ecosystems. 94 2017
16 Environment 02:Quantitative elucidation of the impact of fluorocarbon and greenhousegases on the recovery of the ozone layer. 94 2013
17 Environment 10:Elucidation of the long-distance migration mechanisms of acid-rainprecursors such as SOx and Nox. 93 2012
18 Environment 39:Reduction of global carbon dioxide emissions to 20% below the 1990level. 93 2027
19 Business
05:Environment-friendly product development practices such as the
introduction of “eco-design” or “green procurement” becomes a
management standard.
93 2008
20 Environment
05:It becomes possible to accurately forecast the extent of climate change
caused by global warming in all ca. 50km x 50km squares over the
world.
93 2015
2.2.4. Response to people’s needs
Of the top 20 topics in “response to people’s needs”, urbanization and construction, and life science
accounted for the most with seven each, followed by services with three. There were no topics from the
health and medical care field, which had the highest average by far, in the top 20. By content, there were
seven welfare-related topics such as support and care equipment in the top 20.
Table 2.2-5   Top 20 topics in “response to people’s needs”
Field Topic
Rati
o
(%)
Forecasted
realization time
1 Urbanization
43:Widespread use in Japan of houses equipped with robots and other
devices that assist senior citizens and disabled people with everyday
tasks, including eating meals, bathing, going to the toilet, and having
entertainment, to carry these out without human
99 2017
2 Services
01:Widespread use of inexpensive and light epoch-making self-help
devices powered by storage batteries that facilitate natural body
movements.
99 2014
3 Urbanization
41:Widespread use in Japan of indoor environmental control technology
that deals with indoor air pollution. 99 2012
4 Urbanization
44:Establishment of impact assessment methods that look at causal
substances as a whole rather than individually following elucidation of
the substances that give rise to sick-house syndrome.
99 2010
5 Agriculture
71:Practical use of home-use food testers capable of instantaneously
measuring the level of bacteriological contamination of foods. 99 2013
6 Services
02:Widespread use of robots that help carers bathe persons under their care
without causing discomfort or anxiety to the care recipients. 98 2014
7 Urbanization
39:Widespread use in Japan of systems for guiding visually impaired
people on footpaths using various sensors. 98 2014
8 Life science
43:Development of an artificial retina, allowing the visually impaired
patients with retinopathy to regain their sight. 97 2020
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(%)
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9 Life science
14:Elucidation of the environmental factors and regulatory mechanisms of
immune response which triggers allergies such as hay fever and atopy,
enabling complete control over immediate type hypersensitivity diseases.
97 2016
10 Life science 42:Development of an entirely implantable artificial kidney. 96 2013
10 Life science
81:Development of bioinformatics capable of prospecting the risk of
carcinogenesis from genetic background etc. 96 2019
12 Services
34:Widespread use of services for leasing robots for various purposes, such
as gardening, patient care, housework, and childcare. 96 2019
13 Distribution
03:More than 80% of retail shops in major department stores, supermarket
chains, and convenience stores are able to meet the special needs of
people who face difficulties in shopping (e.g. elderly people, parent with
children, and wheelchair users).
96 2012
14 Life science
71:Elucidation of the pathogenesis of autoimmune diseases such as
multiple sclerosis, and systemic lupus erythematosus. 96 2014
15 Electronics
51:Practical use of remote-controlled micro-medical devices for thrombus
treatment. 96 2017
16 Urbanization
12:Widespread use in Japan of technology to counter electromagnetic
waves in hospitals and other public buildings and on public transport
facilities in response to the growing utilization of artificial organs.
96 2010
17 Urbanization
11:Widespread use in Japan of technology to treat river water quickly for
general use (including drinking) in the event of a disaster. 96 2011
18 Life science
37:Widespread use of drugs capable of preventing the occurrence of certain
types of cancer. 96 2016
19 Urbanization
38:Practical use in Japan of social infrastructure design methods that
include human psychological aspects, such as rivers that instill a feeling
of tranquility and pathways that are inviting to walk along.
96 2013
20 Life science
41:Tissues and organs reconstructed by means of tissue engineering
account for more than half of those used in medical treatment requiring
organ transplants or artificial organs.
96 2025
2.2.5. Expansion of human intellectual resources
Of the top 20 topics delivering an “expansion of human intellectual resources” effect, 15, or 3/4, were
in the space field. The only other fields with topics in the top 20 were life science with four, and marine
and earth science with one.
Table 2.2-6   Top 20 topics in “expansion of human intellectual resources”
Field Topic
Rati
o
(%)
Forecasted
realization time
1 Life science
84:Elucidation of the evolutionary mechanism of organisms, and
implementation of verifying experiments. 98 2028
2 Space
02:Development of a multi-satellite infrared space interferometer system
with ultra-high spatial resolution capabilities, in order to search for
extraterrestrial life and earth-like planets outside of our solar system.
97 2017
3 Space
36:Realization of landing of manned spacecraft on Mars and the return to
the Earth. 96 2025
4 Space 34:Return of samples from other planets. 96 2013
5 Space
15:Elucidation of the chemical evolutionary process relating to the origin of
life through experiments under an environment of cosmic dust and rays
while in orbit.
96 2019
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Rati
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(%)
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6 Space
39:Establishment of a large-scale optical/infrared astronomical observatory
at the Lagrange point of the sun and the Earth, in order to efficiently
avoid the effects of thermal radiation from the sun and the Earth.
95 2018
7 Space 40:Discovery of extraterrestrial life or its traces within the soil of Mars. 95 2014
8 Marine & earth
47:Positioning in several locations, under an international agreement, of
neutrino detectors for the purpose of surveying the earth's internal
structure.
95 2017
9 Space 32:Set of optical or radio telescopes on the surface of the moon. 95 2021
10 Space
03:Development of an orbital device for detecting gravity waves using a
multi-satellite system. 95 2019
11 Space
04:Development of technology for assembling large telescopes of several
tens of meters or more in diameter in orbit. 94 2015
12 Space
38:Exploration of Saturn and other planets beyond it using satellites in
orbit. 93 2018
13 Life science 03:Elucidation of the molecular mechanism for the origin of life. 92 2025
14 Space
35:Long-term observation of the atmosphere of Venus by means of
balloons. 91 2016
15 Space 37:Investigation of Mercury with orbiter. 91 2015
16 Space
11:Development of a system to detect cosmic radio waves in the sub-
millimeter waveband using space interferometers. 91 2014
17 Space
28:Realization of a large-scale orbspace telescope or interferometer using
several satellites orbiting in formation. 88 2017
18 Life science
07:Elucidation of the transcription cascade and signal cascade of genes,
from fertilized egg to individual, in one representative species such as
mice, leading to elucidation of the mechanisms of differentiation and
function development.
85 2017
19 Life science
55:Complete elucidation of the molecular mechanisms of development and
differentiation. 85 2026
20 Space
33:Creation of a permanent, manned station on the surface of the moon,
executing geological surveys of the moon, scientific observations from
the moon, and development of technology to utilize the moon's
resources.
83 2027
2.3. Forecasted realization time
2.3.1. Overall trends
The following figure shows the distribution of all 1,065 topics by forecasted realization time.
Forecasted realization time is the realization year corresponding to the response at the 50th percentile after
the realization times were arranged in chronological order from the earliest to the latest (M in the figure).
Half of all responses fell within the five years of 2011–2015, and 82% were forecasted to be realized in the
period 2011–2020. By field, fields covering information technologies and their application, such as
“Information and communications”, “Distribution”, “Business and management”, and “Services”, are
expected to be realized relatively early, while “Life science”, and “Resources and energy” are expected to
be realized relatively late.
Fig. 2.2-4 shows the relationship between forecasted realization time and range of forecasted times.
Here the “range of forecasted times” is the width between Q1 in the figure below (forecasted realization
year of the response at the 25th percentile of all responses) and Q3 (forecasted realization year of the
response at the 75th percentile of all responses).  The middle 50% of responses fall within this range.  A
narrow width indicates a strong consensus among respondents.  However, in the aggregate results in
Chapter 3, values for Q1, M and Q3 are whole numbers with any decimals discarded, while in this section,
34
the values used for calculating forecast range include decimal values, so there may be some discrepancies
between the pentagonal shape showing distribution and the values in this section. This survey looks at
technologies up to 2030, so topics for which Q3 in the second round questionnaire (R2) is 2031 or later
have been excluded. The number of topics covered was 1,033.
Figure 2.2-3   Forecasted realization time by field
Figure 2.2-4   Average and rage of forecasted realization times by field (7th survey)
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A positive correlation can be seen in the forecasted realization time and the range of forecasted times
— fields with an early forecasted realization time had a narrow range of forecasted times, while the later
fields had a much broader range. The exception to this was “Space”, which had a late forecasted
realization time but a narrow range of forecasted times.
Common characteristics shared by the current survey and the two previous surveys (fifth and sixth
survey) include a positive correlation between forecasted realization times and the range of forecasted
times, the late forecasted realization time and wide range of forecasted times in “Life science”, “Resources
and energy”, and “Electronics”, and, conversely, the relatively early realization time and narrow range in
“Information and communications”, and “Transportation”.
2.3.2. Comparison between the first round (R1) and second round (R2) questionnaires
We examined the extent to which a consensus had been formed among respondents and how
forecasted realization times changed from R1 to R2.  We used the range of forecasted times as an indicator
of the extent of consensus.
(1) Comparison of the convergence ratio
We calculated a convergence ratio for each topic as an indicator to determine the extent to which a
consensus had been formed through repetition of the questionnaire. A smaller convergence ratio indicates
a stronger consensus. For example, in the case of “Practical use of biocomputers based on a new
algorithm”, the first topic in the information and communications field, the range of forecasted times was
11.5 years in R1 and 9.0 years in R2, giving a convergence ratio of 9.0/11.5 = 0.78. This comparison
excludes topics in which Q3 (75th percentile of the R1 or R2 forecasted realization time) is 2031 or later.
The number of topics covered was 1,029.
R2 range of forecasted times[Conversion ratio]=
R1 range of forecasted times
The average convergence ratio for the topics covered was 0.77 — virtually the same ratio as that in
the 6th survey. There was also little difference in the convergence ratio among fields, with all ranging
between 0.74 and 0.80.
Table 2.2-8 and 2.2-9 shows examples of tightly converged topics whose range of forecasted times
was wide, or did not change.
Table 2.2-7   Convergence ratio by field
Field Average convergence ratio (Number of topics)
Information 0.79 92
Electronics 0.77 67
Life science 0.74 81
Health 0.78 89
Agriculture 0.75 79
Marine & earth 0.80 63
Space 0.80 38
Resources 0.77 70
Environment 0.79 39
Materials 0.78 102
Manufacturing 0.77 52
Distribution 0.77 39
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Field Average convergence ratio (Number of topics)
Business 0.75 38
Urbanization 0.76 71
Transportation 0.79 59
Services 0.77 50
Total 0.77 1029
Table 2.2-8   Examples of topics with a small convergence ratio
Field Topic Convergenceratio
Forecasted
realization time
Agriculture
22:Practical use of technology for producing transformed livestock
capable of efficiently secreting physiologically active substances
(medicines), such as antimicrobial proteins and blood coagulating
factors, in milk utilizing embryonic stem (ES) cells.
0.51 2013
Distribution
30:EC transactions (e-purchases from virtual markets, e-
marketplaces, etc. over the Internet) between manufacturers,
wholesalers, and retailers account for more than 80% of total
business transactions.
0.55 2013
Services 36:Widespread use of multimedia-based virtual leisure, leading to adecline in the development of ecosystem-threatening resorts. 0.55 2015
Manufacturing
17:Practical use of technology capable of measuring displacement in
the 100kHz and higher frequency band with a resolution of one
angstrom in manufacturing processes.
0.57 2013
Resources 19:Establishment of accurate rainfall forecasting technology capableof providing timely flooding and landslide forecasts. 0.57 2013
Table 2.2-9   Topics with a convergence ratio over 1.00
Field Topic Convergenceratio
Forecasted
realization time
Health 50:Development of effective treatment for amyotrophic lateralsclerosis. 1.17 2019
Marine & earth 43:Practical use of excavation technology capable of measuringstresses in the crust of the ocean floor at depths of 6,000 meters. 1.02 2018
Materials 80:Practical use of photo-refractive material that can change itsphoto-refractive index by 0.1 or more. 1.01 2015
Services
30:Improvement of the data communication environment and
widespread use of telecommuting support services, enabling at
least half of company workers engaged in indirect duties to
telecommute.
1.00 2015
Distribution 38:At least 80% of shop checkouts are unattended as a result of thewidespread use of electronic money etc. 1.00 2016
(2) Changes in forecasted realization time
The table below shows the difference and absolute difference between R1 and R2 forecasted
realization times for the 1,061 topics with a forecasted realization time up to 2030 in both R1 and R2. The
forecasted realization times in R2 are, over all fields, later than in R1, with an average difference of 0.60
years, and an average absolute difference of 0.69 years. Even by individual fields, the largest difference is
less than one year.
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Table 2.2-10   Average difference and absolute difference in forecasted realization times (1061 topics)
Field Average difference (R2-R1) Average absolute difference
Information 0.52 0.65
Electronics 0.66 0.73
Life science 0.88 0.92
Health 0.43 0.65
Agriculture 0.50 0.53
Marine & earth 0.56 0.67
Space 0.53 0.62
Resources 0.48 0.61
Environment 0.56 0.60
Materials 0.91 0.93
Manufacturing 0.87 0.87
Distribution 0.56 0.71
Business 0.23 0.43
Urbanization 0.43 0.55
Transportation 0.51 0.57
Services 0.68 0.77
Total 0.60 0.69
2.3.3. Forecasted realization times by respondents with a high degree of expertise
Table 2.2-11 compares forecasted realization time responses by respondents with a high degree of
expertise and all respondents. Here we look at the 1,041 topics forecasted to be realized by 2030 by both
groups.
In all fields, realization time forecasts by respondents with a high degree of expertise were an average
of 1.1 years earlier. The biggest difference was in “Materials and processes”, followed by “Life science”
and “Electronics”.
Table 2.2-11   Differences in forecasted realization times between respondents with high degree of expertise
(1041 topics)
Field High expertise (A) Overall (B) A - B
Information 2012.2 2013.2 -1.0
Electronics 2015.8 2017.2 -1.4
Life science 2016.7 2018.2 -1.5
Health 2015.6 2016.4 -0.8
Agriculture 2014.1 2014.9 -0.9
Marine & earth 2014.3 2015.6 -1.3
Space 2015.8 2016.9 -1.0
Resources 2016.6 2018.0 -1.4
Environment 2014.7 2015.8 -1.1
Materials 2014.7 2016.5 -1.8
Manufacturing 2015.0 2015.7 -0.7
Distribution 2012.9 2014.1 -1.2
Business 2011.2 2012.1 -0.8
Urbanization 2013.8 2015.3 -1.4
Transportation 2013.9 2014.7 -0.8
Services 2012.5 2012.7 -0.2
Total 2014.5 2015.7 -1.1
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2.3.4. Distinctive topics in forecasted realization time
Half of the top ten topics with a high “will not be realized” response rate were in Distribution field.
(Table 2.2-12)
There was a common perception among respondents that the three topics of Information—52,
Resources—46 and Electronics—14 would be quite difficult to realize, and even among respondents who
believe they will be realized, the forecasted realization time is, at the earliest, a relatively late 2025 or later.
For other topics, the forecasted realization time by respondents who believe the topic will be realized is
2020 or earlier. These include topics that were ranked relatively highly in problems of concern in Japan,
such as Distribution—16 (26% concern about effect on natural environment, 33% concern about safety),
and Distribution—38 (53% concern about safety, 31% concern about the effect on morals, culture or
society), and apart from one, all were “widespread use of” topics, so it is possible that their responses were
influenced by judgements on social needs and acceptance.
The percentage of “do not know” responses was overall quite low; Materials—62 was the highest
with 22%. The forecasted realization time of this topic was late at 2022, while the range of forecasted
times was a wide 12.2 years, indicating a clear divergence of views on the estimated time a technological
breakthrough would occur.
Table 2.2-13 shows the three topics with a forecasted realization time of 2031 or later, and table 2.2-
14 shows the top ten topics in terms of early realization time. All three topics with a forecasted realization
time of 2031 or later are in “Resources and energy”, while six of the top ten topics in early realization time
are in “Information and communications”. This corresponds to the trends seen in the individual fields.
Table 2.2-12   Top 10 topics with a high “will not be realized” response rate
Field Topic Ratio(%)
Forecasted
realization time
1 Distribution
16:Practical use of an aerial courier system in which items are
delivered from small aircraft, helicopters or airships using a
parachute etc.
59 2015
2 Information
52:Development of software (expert systems) capable of completely
taking the place of specialist professions such as judges, lawyers
and patent attorneys.
48 2025
3 Distribution 38:At least 80% of shop checkouts are unattended as a result of thewidespread use of electronic money etc. 46 2016
4 Services
50:Expansion of communication through the web or Internet-based
marriage information services, leading to an increase of marriages
arising from information exchanges over the Internet to account for
more than half of all marriages.
46 2017
5 Resources 46:Development of fusion power reactors. 46 2031 or later
6 Distribution 06:Retailer’s PB (private brand) products account for more than 50%of the total market in food and general goods. 44 2015
7 Business 11:Network crime is reduced to about half current levels as a result ofadvances in information technology. 42 2011
8 Electronics 14:Practical use of superconductor LSIs that operate at  clockingfrequency of several hundred GHz or more. 38 2025
9 Distribution 26:Widespread use by at least 50% of households of communicationterminals that discharge a fragrance. 38 2017
10 Distribution
17:Widespread use by at least 50% of major supermarket and
convenience store chains of a system for unattended sale of
products on shelves in retail shops.
38 2016
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Table 2.2-13   Topics with forecasted realization time of 2031 or later
Field Topic Forecastedrealization time
Resources 46:Development of fusion power reactors. 2031 or later
Resources 45:Practical use of fast breeder reactor systems and nuclear fuel cycle. 2031 or later
Resources 33:Development of space solar power generating system. 2031 or later
Table 2.2-14   Top 10 topics with early realization time
Field Topic Forecastedrealization time
1 Business 08:Widespread use of mobile terminals with GIS function to confirm thelocation of employees. 2007
1 Business 13:Companies are obligated to disclose more financial data to the generalpublic. 2007
1 Information 03:Widespread use of pocketbook-size, motor-less (all silicone) multimediadevices capable of operating for about 3 hours. 2007
1 Information 23:Widespread use of portable terminals capable of voice communication fromanywhere in the world. 2007
1 Information 95:Implementation of academic credit interchanges between overseas andJapanese universities through distance learning over the Internet. 2007
6 Information 70:Most book purchases will be done through online shopping systems fromthe home rather than at bookshops. 2008
6 Agriculture 01:Determination of the whole DNA sequence of crops (e.g. rice) to isolateuseful genes. 2008
6 Services
29:Widespread use of design assistance services capable of reducing the
development period to one-third of the current period through the effective
use of such technology as three-dimensional CAD and digital mockups.
2008
6 Information
91:Widespread use of a SCM (supply chain management) system to handle
data management (orders, design, manufacturing, operations, and
maintenance) uniformly among related companies.
2008
6 Information 85:Widespread use of convenience stores or train stations that act as agents for24-hour administrative and financial services etc. 2008
2.3.5. Chronological table of technology foresight
From the 1,065 topics in this survey, we drew up a table of roughly 10% of the topics in each
forecasted realization year with a high degree of importance. However, in cases where there are several
topics with similar content, or similar topics in the same year, we included only one topic.
Field Topic
2007 Information 23 Widespread use of portable terminals capable of voice communication from anywhere in
the world.
2008 Information 12 Widespread use of systems which facilitate multimedia communication from anywhere in
the world using pocketbook-size portable terminals.
Agriculture 1 Determination of the whole DNA sequence of crops (e.g. rice) to isolate useful genes.
2009 Information 18 Realization of an environment in which the unlimited utilization of high-capacity
networks (150 Mbps) for around 2,000 yen/month or less is possible.
Life science 1 Development of methods for surmising new functions of proteins from DNA base
sequence data.
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Field Topic
Life science 5 Development of high-speed genome analysis technology, and determination of the entire
genome sequences of at least 50 important animal and plant species.
2010 Information 6 Practical use of portable computers powered primarily by solar battery or fuel battery.
Information 19 Widespread use of highly reliable network systems capable of protecting the privacy and
secrecy of individuals and groups from the intrusion of ill-intentioned network intruders.
Information 65 Widespread use of online seal-free (signature-free) document preparation services for
various official documents such as contracts which are provided via a network based on
security technology capable of achieving both privacy protection and verification.
Health 16 Widespread use of scientific guidelines for lifestyles (nutrition, rest and exercise) to
prevent lifestyle-related diseases.
Business 22 Production on order rather than production on estimated demand becomes the norm due
to the increased sophistication of e-commerce networks and improved efficiency of
business cycle times, resulting in a dramatic reduction of inventory risk for companies.
2011 Electronics 29 Practical use of technology that can completely automatically design high performance
LSIs with several hundred kilo gates or more when given the required system-level
specifications written in a high-level language such as C.
Life science 27 Practical use of a effective drug against multiple-drug-resistant bacteria, including
vancomycin-resistant bacteria.
Agriculture 62 Examination of the safety of genetically modified farm products from both food and
environmental perspectives, and development of an evaluation method that can gain the
understanding of consumers.
Environment 22 Practical use of technology capable of reducing particulate matter emissions from diesel
vehicles to 10% of current levels (fiscal 1999 standard value for vehicles weighing more
than 2.5t is 0.25g/kWh (average value)).
Transportation 29 Widespread use of technology to reduce the harmful components of exhaust gas from
large trucks to 1/10 of present levels, such as diesel exhaust catalysts, particulate traps,
lean-burn NOx catalysts and high precision combustion technology.
2012 Information 10 The number of recycled parts in new personal computers, including displays, exceeds
90% of all component parts.
Electronics 18 Practical use of card-size wireless communication instruments capable of changing
specifications, such as center frequencies, band width, modulation method, and error
correction method, by software operations.
Life science 9 Establishment of technologies for predicting bioactivity and functional domain of
proteins from their higher-order structures.
Life science 11 It becomes possible to determine the entire base sequences of an individual including
genetic structure and SNP (single nucleotide polymorphism) promptly and cheaply,
leading to widespread use of such methods for diagnosis and tailor-made treatment.
Agriculture 63 Development of food capable of supporting a healthy aging society from a nutritional
perspective by preventing a decline in anti-oxidation, brain and chewing functions.
Environment 29 Widespread use of products based on LCA (life cycle assessment) concepts that facilitate
recycling and reuse.
Urbanization 1 Widespread use in Japan of warning, forecasting, evacuation assistance and crowd
control systems that dramatically reduce human loss in the event of a natural disaster
involving rivers, roads, etc. based on localized weather forecasts.
Urbanization 14 Widespread use in Japan of technology that accurately simulates the behaviors of
structures or the ground at the time of a string earthquake.
2013 Information 15 Development of an optical transmission system capable of high-volume transmission of 1
Peta bps per optical fiber.
Electronics 25 Widespread use of a portable multimedia wireless terminal operating at about 100 Mbps
which can be used throughout the world.
Life science 65 Identification and classification by the molecular etiology of the genes related to diabetes,
hypertension, and arteriosclerosis, which are typical lifestyle diseases that exhibit
multiple-factor hereditary traits.
Health 9 Elucidation of the arteriosclerosis contraction mechanisms.
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Field Topic
Marine & earth 63 Formation of a global consensus regarding international regulations on the emission of
carbon dioxide and other greenhouse gases that cause global warming, including
reductions in developing countries.
Space 8 Realization of precision down to less than a centimeter in measurement of crustal
movement using VLBI (very long baseline inter-ferometers), satellite lasers, inverse laser
ranging, and synthetic aperture radar to contribute to earthquake forecasting etc..
Space 29 Widespread use of gigabit-class global satellite communication systems.
Materials 3 Widespread use of signal-responsive missile drugs capable of efficiently reaching
targeted parts such as tumor cells.
Manufacturing 19 Development of semiconductor microprocessing and measuring technology of 1nm
resolution for manufacturing 0.01 micron-rule LSI.
2014 Electronics 36 Widespread use of 10 Gbps optical subscriber systems in homes.
Health 4 Elucidation of carcinogenic mutation mechanisms.
Health 5 Elucidation of cancer metastasis mechanisms.
Health 6 Elucidation of the contracting mechanisms in Alzheimer’s disease.
Marine & earth 27 Widespread use of technologies for the comprehensive use and conservation of entire
bays with high utilization densities, such as Tokyo Bay, Osaka Bay, etc.
Resources 13 Practical use of rational methods of collecting and recycling useful substances in urban
garbage based on an LCA (life cycle assessment) perspective.
Materials 99 Practical use of systems for the genetic diagnosis and treatment of cancer and incurable
diseases based on genome analysis.
Business 26 Industry clusters (structure in which each industry utilizes the waste products of other
industries in the waste process) are established, and industries are obligated to place
reusable industrial waste on that recycling route.
Urbanization 2 Practical use of disaster forecasting and information transfer systems incorporating
studies in social and behavioral psychology in order to prevent panic in big cities in the
event of major earthquakes or fires.
Transportation 26 Widespread use of electric cars equipped with fuel cells.
2015 Electronics 6 Practical use of technology enabling the mass production of LSI with minimum pattern
dimensions of 10nm.
Electronics 7 Practical use of VLSI with more than 256 Gbits of memory per chip.
Life science 31 Production of biodegradable plastics, such as bioplastics using microorganisms and
plants, accounts for more than half of the total volume of worldwide plastic production.
Agriculture 75 Development of factories that purify river water by fixing bacteria that breakdown dioxin
and other endocrine disrupters in carriers such as porous charcoal.
Agriculture 76 Elucidation of the mechanism by which the toxicity of endocrine-disrupting chemicals is
manifest and its effect on reproductive functions, behavior, brain functions, immune
functions, etc., and the establishment of safe limits for humans and livestock.
Resources 53 Widespread use of fuel cells as a highly efficient, environmentally safe, and portable
power source (e.g. for electric vehicles).
Manufacturing 40 Widespread use of a design-manufacturing-collection-recycling system in which
manufacturers are obligated by law to collect and dispose of disused products, and at
least 90% of used material is recycled.
Distribution 14 Widespread use among at least 80% of industries of a system in which used or waste
products are recycled safely and efficiently on an industry-wide basis rather than on a
company or corporate group basis.
Business 25 New industries take over from the data communication industry to play a role of driving
force in the next generation.
Services 31 Major advances in technology for disposing of disused manufactured products, leading to
the emergence of commercial services capable of reducing the final disposal volume to
one-tenth the current level.
2016 Information 79 Practical use of integrated building management systems and home security systems
which are linked to an earthquake detection system, and take advantage of the time delay
to the arrival of seismic waves from a non-direct-hit earthquake to initiate the necessary
safety measures to protect human life.
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Field Topic
Electronics 10 Practical use of non-volatile, rewritable random access semiconductor memories with
more than 100 Gbits capacity.
Life science 14 Elucidation of the environmental factors and regulatory mechanisms of immune response
which triggers allergies such as hay fever and atopy, enabling complete control over
immediate type hypersensitivity diseases.
Life science 37 Widespread use of drugs capable of preventing the occurrence of certain types of cancer.
Life science 72 Practical use of cancer treatment methods capable of distinguishing cancerous cells from
normal cells, and targeting those cancerous cells.
Marine & earth 13 Elucidation of the  mechanism of replacement of dominant fish species such as horse
mackerel, sardine, saury and mackerel.
Materials 76 Practical use of large-area amorphous silicon solar cells with a conversion efficiency of
more than 20%.
2017 Life science 13 Identification of most immunologically functional molecules responsible for organ
transplant rejection, enabling organ transplantation free of side effects.
Life science 16 Development of technology to regenerate targeted organs from differentiated animal
cells.
Life science 38 Practical use of effective means to prevent metastasis of cancer.
Life science 47 Low-invasive surgical techniques using micromachines or robots account for the majority
of surgical operations (low-invasive surgery: technique in which several minor incisions
of about 1cm are made in the abdominal or chest wall through which an endoscope or
small surgical instruments can be inserted to perform the surgery and enable internal
video imaging, rather than traditional open surgical techniques).
Life science 59 It becomes possible to prevent the progress of Alzheimer’s disease.
Health 13 Widespread use of methods to prevent cancer based on genetic diagnosis.
Agriculture 73 Practical use of technological structures and systems for the proper use of forests while
preserving the forests and their functions (maintenance of biodiversity, environmental
purification, and provision of scenery and comfort).
Manufacturing 39 Widespread use of low entropy-generating eco-factories, which give due consideration to
the impact on local ecosystems throughout product life cycles, from manufacture to
disposal.
Manufacturing 42 Widespread use of a “production–destruction” manufacturing system in which a
production system of “design → production → use → disuse” is combined with a
resources recycling system of “collection → dismantling and sorting → reuse →
production”.
2018 Electronics 22 Development of logic LSIs with 10 GOPS (giga-operations per second) performance and
power consumption of 10 milliwatts or less.
Life science 24 Complete understanding of the factors contributing to stem cell proliferation, and
widespread use of the practice of proliferating stem cells, as necessary, in vitro and using
them for medical treatment.
Life science 33 Practical use of technology for the immediate biological fixation of highly concentrated
carbon dioxide emitted from thermal power stations.
Life science 74 Practical use of genetically engineered plants and microorganisms capable of removing
environmental pollutants such as NOx.
Life science 82 Development of technologies which dramatically improve photosynthetic functions in
order to increase food production and preserve the environment.
Agriculture 74 Widespread use of environmental repair technology capable of cleaning the pollution of
closed water areas, such as Kasumigaura, to prewar levels using organism and ecosystem
functions.
Environment 38 Large reduction of the amount of buried industrial waste as a result of advances in the
reorganization and integration of industrial technology aimed at reducing waste emissions
to zero.
Manufacturing 24 Widespread use of non-fossil energy sources (wind, geothermal, PV/solar heat, and waste
heat) in all areas of manufacturing.
2019 Information 50 Advances in software inspection and verification technology, enabling  error-free, large-
scale software to be developed in a short period of time.
Electronics 13 Practical use of TOPS (tera-operations per second) level microprocessors.
43
Field Topic
Life science 17 It becomes possible to differentiate separated stem cells into any organ in vitro, leading to
clinical application of such techniques.
Marine & earth 57 Realization of time-series observation of the condition of magma inside volcanoes.
Space 20 The cost of rocket thrusted space transportation will be reduced to less than 1/10 current
levels.
Materials 75 Practical use of multi-layer solar cells with a conversion efficiency of more than 50%.
2020 Life science 23 Widespread use of medical treatment that leads dysdifferentiating carcinogenic cells into
normal state by controlling the signal transduction in carcinogenesis of cells.
Health 38 Improvement in the average five-year survival rate for all types of cancer to more than
70% .
Materials 88 Practical use of single electron memory elements.
Manufacturing 46 Practical use of technologies for mass-producing hydrogen by decomposing organic
substances through application of solar energy and biological systems.
2021 Resources 49 Practical use of technology for the safe disposal of highly radioactive solid waste.
2022 Resources 28 Practical use of methane hydrate mining technology.
Materials 62 Development of superconductors with a transition point at room temperature or higher.
2023 Life science 34 Elucidation of the entire mechanism of formation of neural networks at the molecular
level.
Life science 35 Elucidation of relationship between learning/memory and synaptic plasticity.
2024 Marine & earth 55 Development of technology capable of forecasting the occurrence of major earthquakes
(magnitude 7 or above) several days in advance.
2025 Life science 41 Tissues and organs reconstructed by means of tissue engineering account for more than
half of those used in medical treatment requiring organ transplants or artificial organs.
2026 Urbanization 4 Practical use in Japan of a mid-term (5 - 10 years in advance) prediction technique for
large-scale (Magnitude 8 or larger) earthquakes based on analyses of the crustal strain
distribution and past earthquake records.
2027 Environment 39 Reduction of global carbon dioxide emissions to 20% below the 1990 level.
2028 Life science 36 Elucidation of brain mechanisms for logical reasoning.
2029 Resources 61 Practical use of power networks utilizing superconducting cables.
2030 Resources 48 Practical use of partitioning and transmutation technology for long-life nuclides.
(Partitioning and transmutation technology: partitioning of transuranium elements , 99Tc,
137Cs, 90Sr, etc. contained in high-level radioactive waste, and transmutation of long-life
nuclides into short-life or stable nuclides through a fast reactor or an accelerator-driven
critical reactor.)
2031
-
Resources 45 Practical use of fast breeder reactor systems and  nuclear fuel cycle.
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2.4. Current leading countries
2.4.1. Overall trends
Figure 2.2-5 shows the value obtained from dividing the percentage of responses for countries that
are world leaders in the topic in question (multiple choice of Japan, USA, EU, Other countries, Do not
know) by the total percentage value for all countries (multiple choice so total exceeds 100%).
Japan is considered to enjoy a supremacy in the two fields of “Resources and energy” and
“Transportation”, and is seen as being on a par with the USA in the four fields of “Agriculture, forestry,
fisheries and food”, “Marine science and earth science”, “Manufacturing” and “Urbanization and
construction”. USA leads the world in the ten remaining fields, including “Business and management”.
These results, though, show the rate at which each of the countries or regions attracted “votes,” and
not a relative evaluation of their technological level.  Even though there may be only a very slight
difference in technological level between the top and second-ranking countries, the votes may be
concentrated in the top country, thereby producing a substantial gap in the number of votes between the
two.  There is also a gap in the volume of information entering Japan from each country, so countries
(regions) from which only limited information reaches Japan will be at a disadvantage, many of the topics
are considered necessary and are being tackled by Japan, and most of the technologies are at the
application stage (i.e. practical use or widespread use), so we should keep in mind that these factors will
tend to push up Japan’s relative percentage.
We took the difference between Japan and the country other than Japan with the highest response
rates for each topic (Japan—other country), and looked at the topic number percentage for each level of
difference. The difference is positive when Japan is ranked top, and negative when Japan is ranked second
or lower. The right side of the graph shows the percentage of topic numbers in which Japan is ranked top,
and the left shows the percentage in which Japan is ranked second or below. The difference between Japan
and the other countries becomes more pronounced if we look at the topic number percentage. There are
hardly any topics in “Life science”, “Health and medical care”, “Space”, “Distribution”, “Business and
management” and “Services” in which Japan is considered by respondents to be a leader.
Figure 2.2-5   Current leading countries
35
39
24
21
37
38
21
41
28
39
37
14
9
32
43
15
31
50
48
55
56
35
39
62
29
36
43
36
56
64
33
24
51
44
8
8
14
14
19
13
12
18
24
10
17
15
18
18
20
16
14
0% 20% 40% 60% 80% 100%
Information
Electronics
Life science
Health
Agriculture
Marine & earth
Space
Resources
Environment
Materials
Manufacturing
Distribution
Business
Urbanization
Transportation
Services
Total
Japan
USA
ＥＵ
Others
Don't kinow
45
Figure 2.2-6   Comparison of research and development level in Japan and other countries
2.4.2. Topics with a high “Japan” response rate
The top 20 topics include four each from “Transportation” and “Electronics”, three from
“Urbanization and construction”, two each from “Agriculture, forestry, fisheries and food”, “Information
and communications”, and “Manufacturing”, and one each from “Resources and energy” and
“Environment”. The top two items are those that can be seen as dealing with distinctively Japanese items,
i.e. eels and matsutake mushrooms. Topics ranked fourth (Urbanization—14), eighth (Urbanization—03)
and tenth (Urbanization—04) are special topics that ask about the realization time in Japan. The 16th
ranked topic Electronics—10 also had a high percentage for USA.
Table 2.2-15   Top 20 topics with a high “Japan” response rate
Field Topic Japan(%)
USA
(%)
EU
(%)
1 Agriculture 47:Widespread use of a production system for eels extending fromartificial insemination to growth and shipment. 96 1 2
2 Electronics 31:Practical use of ultraviolet semiconductor lasers. 95 41 5
3 Information 04:Development of 5,000 dpi high-quality color printers. 95 19 2
4 Urbanization
14:Widespread use in Japan of technology that accurately simulates the
behaviors of structures or the ground at the time of a string
earthquake.
94 43 1
5 Agriculture 36:Widespread use of protected cultivation of matsutake mushrooms. 94 0 0
6 Electronics 65:Practical use of flat panel displays of at least A3 size with displayquality equivalent to high-grade printing (600dpi or more). 94 28 3
7 Transportation 03:Practical use of superconducting magnetically levitated railwayswith a maximum speed on the order of 500 km per hour. 93 0 14
Health & medical care
Space
Distribtion
Life science
Business & Management
Service
Environment
Information & communications
Electronics
Marine science & earth science
Production
Materials & processing
Urbanization & construction
Agriculture
Resources & Energy
Transportation
Total
100%
Topic number rate which other
countries take advantage
Topic numnber rate which Japan
take advantage
-100%
Japan - Other country
-100%  –  -60%
-60%  –  -20%
-20%  –  +20%
+20%  –  +60%
+60%  –  +100%
46
Field Topic Japan(%)
USA
(%)
EU
(%)
8 Urbanization
03:Development of a nationwide network for detecting earthquakes,
and widespread use in Japan of a disaster prevention system that
gives advance warning of earthquakes likely to occur at a distance of
50km o more.
92 25 1
9 Information 26:Development of a 4,000 x 4,000 pixel high-definition image sensor. 91 28 2
10 Urbanization
04:Practical use in Japan of a mid-term (5 - 10 years in advance)
prediction technique for large-scale (Magnitude 8 or larger)
earthquakes based on analyses of the crustal strain distribution and
past earthquake records.
91 24 2
11 Manufacturing 26:Widespread practice of downsizing of manufacturing facilities (1/2–1/4 of current size) to save energy and space. 90 11 9
12 Marine & earth 13:Elucidation of the  mechanism of replacement of dominant fishspecies such as horse mackerel, sardine, saury and mackerel. 89 24 12
13 Transportation 32:Practical use of floating off-shore airports with 3,000m-classrunways with a service life of about 60 years. 89 8 2
14 Transportation
35:Practical use of a shipbuilding system centering on a large-scale
product database in which intelligent design production modules are
dispersed over a network, leading to a reduction in shipbuilding labor
requirements to about half the present level.
89 2 3
15 Electronics 26:Widespread use (one in every household) of "housekeeping robots"capable of cleaning, laundry, etc. 89 32 3
16 Electronics 10:Practical use of non-volatile, rewritable random accesssemiconductor memories with more than 100 Gbits capacity. 88 74 4
17 Manufacturing
21:Advances in digitalization and increased sophistication of industrial
robots give rise to radical changes in job opportunities and job forms
for workers in the manufacturing industry.
88 42 6
18 Transportation
09:Utilization of new materials in rails and wheels and improvements
in the technology of structure and vehicle construction, enabling the
continuous operation of Shinkansen bullet trains at a speed of 350
km/h while satisfying environmental noise standards (70 dB or less
for residential areas).
88 1 30
19 Resources 35:Practical use of large-area thin-film solar cells with a cell conversionfactor over 20%. 88 50 21
20 Environment
21:Widespread use in virtually all types of automobiles of a technique
capable of meeting an emission control standard that specifies a
nitrogen oxide emission limit of 0.1 to 0.2 g/km. (Current emissions
from heavy diesel motorcars are about 4 to 5 g/km, and the 1978
standard value for gasoline passenger cars is 0.25 g/km.)
88 33 37
2.4.3. Topics with a high “USA” response rate
The top 20 topics are seven from “Space”, six from “Life science”, five from “Business and
management”, and one each from “Electronics” and “Transportation”. The ninth ranked topic Space—29
also had a high response rate for Japan.
Table 2.2-16   Top 20 topics with a high “USA” response rate
Field Topic Japan(%)
USA
(%)
EU
(%)
1 Space 21:Establishment of a remote medical diagnosis/treatment system forastronauts. 99 24 14
2 Life science
11:It becomes possible to determine the entire base sequences of an
individual including genetic structure and SNP (single nucleotide
polymorphism) promptly and cheaply, leading to widespread use of
such methods for diagnosis and tailor-made treatment.
98 31 22
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Field Topic Japan(%)
USA
(%)
EU
(%)
3 Life science 01:Development of methods for surmising new functions of proteinsfrom DNA base sequence data. 98 23 22
4 Life science
05:Development of high-speed genome analysis technology, and
determination of the entire genome sequences of at least 50
important animal and plant species.
98 42 37
5 Space 30:Practical use of a commercial high-accuracy positioning system. 98 17 31
6 Space 26:Development of high-pressure (1 atmosphere), flexible space suitfor use outside of a spaceship. 97 6 9
7 Space 36:Realization of landing of manned spacecraft on Mars and the returnto the Earth. 97 7 5
8 Space 34:Return of samples from other planets. 97 40 15
9 Space 29:Widespread use of gigabit-class global satellite communicationsystems. 97 63 28
10 Business 06:Workforce mobility rises to current U.S. levels as mid-career hiringbecomes more common. 97 2 10
11 Space
01:Development of a system that monitors the entire global
environment from satellites in real time around the clock, and
processes the data in orbit for direct utilization from any place on the
earth.
96 35 35
12 Electronics
29:Practical use of technology that can completely automatically design
high performance LSIs with several hundred kilo gates or more when
given the required system-level specifications written in a high-level
language such as C.
96 21 8
13 Life science
02:Elucidation of the molecular mechanisms of apoptosis, making it
possible to freely leave and remove specific cells within a living
body.
96 36 16
14 Business 19:Almost all intercompany transactions are settled electronically. 96 7 11
15 Life science 16:Development of technology to regenerate targeted organs fromdifferentiated animal cells. 96 30 23
16 Business
34:Entrepreneurial education is introduced in postgraduate school
curriculums, and as a result, 10% of postgraduate students start up
venture companies.
96 3 4
17 Business 23:The investment ratio by private investors in the stock market inJapan rises to U.S. levels. 96 4 1
18 Business 13:Companies are obligated to disclose more financial data to thegeneral public. 96 5 15
19 Transportation
48:Development of an ultra-large passenger transport with a gross
weight of 1,000 tons (3 times as heavy as a jumbo jet) that cruises at
a speed comparable to those of today's jet transport (around Mach
0.8).
96 2 46
20 Life science 71:Elucidation of the pathogenesis of autoimmune diseases such asmultiple sclerosis, and systemic lupus erythematosus. 95 37 30
2.4.4. Topics with a high “EU” response rate
The top 20 topics are four each from “Business and management”, “Distribution” and “Urbanization
and construction”, three from “Resources and energy”, two each from “Manufacturing” and
“Environment”, and one from “Agriculture, forestry, fisheries and food”. Almost all are connected with
the environment.
The 12th ranked topic Manufacturing—42 also had a high response rate for Japan, while the 16th
ranked topic Urbanization—73 and 19th ranked topic Urbanization—29 both had a relatively high
response rate for USA. The EU and USA are competing with each other in Agriculture—20.
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Table 2.2-17 Top 20 topics with a high “EU” response rate
Field Topic Japan(%)
USA
(%)
EU
(%)
1 Business
05:Environment-friendly product development practices such as the
introduction of “eco-design” or “green procurement” becomes a
management standard.
92 24 15
2 Business 15:Companies are generally obligated to display the environmentalload of offices. 86 5 20
3 Environment 40:Introduction of an environmental tax in Japan with the aim ofpreserving the global environment. 83 16 11
4 Manufacturing
40:Widespread use of a design-manufacturing-collection-recycling
system in which manufacturers are obligated by law to collect and
dispose of disused products, and at least 90% of used material is
recycled.
82 45 5
5 Business
26:Industry clusters (structure in which each industry utilizes the waste
products of other industries in the waste process) are established, and
industries are obligated to place reusable industrial waste on that
recycling route.
82 15 11
6 Business 35:Almost all listed companies introduce environmental accounting. 80 7 26
7 Resources 37:Widespread use of MW-class wind power generation systems inJapan. 80 12 58
8 Resources 76:Widespread use of environmental accounting concepts and systemsin companies. 80 26 31
9 Urbanization 27:Spread of community-based efforts to utilize unused energy sourcesand recycle household wastes etc. in Japan. 80 24 12
10 Distribution
03:More than 80% of retail shops in major department stores,
supermarket chains, and convenience stores are able to meet the
special needs of people who face difficulties in shopping (e.g. elderly
people, parent with children, and wheelchair users).
78 4 40
11 Distribution
09:Widespread use by at least 80% of companies in the food sector of
zero-waste or 100% recyclable product development within the
distribution process, including packaging.
77 3 13
12 Manufacturing
42:Widespread use of a “production–destruction” manufacturing
system in which a production system of “design →  production →
use →  disuse” is combined with a resources recycling system of
“collection → dismantling and sorting → reuse → production”.
76 56 8
13 Resources
75:Establishment of waste sorting and collection systems, leading to
widespread use of recycling systems that produce, distribute and
consume recycled materials and goods based on new economic
criteria and standards.
75 40 9
14 Agriculture
20:Widespread use of technology for genetic improvement (disease
resistance and fecundity) of domestic animals by introduction of
genes with desirable traits into the fertilized ovum or embryo.
75 47 71
15 Distribution
14:Widespread use among at least 80% of industries of a system in
which used or waste products are recycled safely and efficiently on
an industry-wide basis rather than on a company or corporate group
basis.
74 7 15
16 Urbanization 73:Widespread use throughout the world of international standards forall aspects of contracts and construction of international projects. 74 3 62
17 Distribution
39:The necessity of preventing the deterioration of the global
environment through various consumption and purchasing actions
(e.g. recycling, and reducing packing paper) is accepted by
consumers, and charges are applied to at least 80% of shopping bags
and packing paper.
74 8 19
18 Urbanization 70:Widespread construction in Japan of public facilities using PFI(private finance initiative). 73 5 40
19 Urbanization 26:Practical use of technology for disposing of high-level radioactivewaste. 73 24 66
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(%)
EU
(%)
20 Environment 11:Elucidation of the mechanism of the impact of acid rain on animalsand plants. 73 36 27
2.4.5. Topics with a high “Other countries” response rate
The average “other countries” response rate over all topics was 0.6%. The only fields in which the
response rate exceeded 1% were “Space” with 3.4% (relative response rate of 2.3% when divided by the
total of the response rates for each country), and “Resources and energy” with 1.0% (relative response rate
of 0.7% when divided by the total of the response rates for each country). “Other countries” response rate
was more than 10% in six topics — four in “Space”, six in “Electronics”, and one in “Marine science and
earth science”. The actual countries named by respondents are shown for the top three topics.
Table 2.2-18   Top 3 topics with a high “Other countries” response rate
Field Topic Ratio (%) Countries
1 Space 26:Development of high-pressure (1 atmosphere), flexiblespace suit for use outside of a spaceship. 26
Russia   23%
N.A.        3%
2 Electronics
07:Practical use of VLSI with more than 256 Gbits of
memory per chip.
24
Korea              13%
Korea/Taiwan   6%
Taiwan              1%
Asia                  1%
N.A.                 3%
3 Marine & earth
56:Elucidation of the correlation, if any, between animal
behavior and the occurrence of earthquakes, in order to
be used as earthquake prediction data.
13 China      9%N.A.       4%
The following five topics had a “Do not know” response rate of more than 50%. These topics
generally had a lower than average degree of importance, and a higher “will not be realized” response rate.
Services—18, though, had a high degree of importance and a low “will not be realized” response rate. The
reason for this is thought to be that because the education system is different in each country, comparing
national levels was too difficult.
Table 2.2-19   Topics with “Do not know” response rate of more than 50%
Field Topic Don’tknow (%)
Importanc
e Index
Will not
be
realized
(%)
1 Distribution 26:Widespread use by at least 50% of households ofcommunication terminals that discharge a fragrance. 57 25 38
2 Services
50:Expansion of communication through the web or
Internet-based marriage information services, leading to
an increase of marriages arising from information
exchanges over the Internet to account for more than half
of all marriages.
56 24 46
3 Services
18:Elucidation of the mechanism of school truancy,
classroom disruption, and learning difficulties, leading to
widespread use of methods of dealing with these issues.
55 74 16
4 Distribution
16:Practical use of an aerial courier system in which items
are delivered from small aircraft, helicopters or airships
using a parachute etc.
54 18 59
5 Distribution
12:Widespread use among 20% of households of a system
that manages the stock of necessities and automatically
replenishes them when required through a computer link
between the household kitchen or refrigerator and
suppliers.
50 28 31
50
2.5. Effective measures the government should adopt in Japan
2.5.1. Overall trends
We asked respondents to choose from among the eight items below regarding measures they believe
the government should adopt to promote the topic (multiple choice).
- Foster human resources: Education, training and securing of researchers, technical personnel, and
research supporters
- Reinforce cooperation of industry and the academic world and among fields: Mobilization of
personnel, cooperative effort over fields including human science and personnel exchange among
industry, academic and governmental sectors, and promotion of joint projects
- Develop research and development infrastructure: Improvement of large-scale joint facilities and
equipment, establishment of databases, provision of reference materials and gene resources
- Increase government research funding: More research and development capital injected by the
government (including R&D subsidies for private sectors)
- Develop environment for business startups: Capital and tax measures that support venture and new
businesses
- Relax or abolish related regulations
- Reinforce or establish related regulations: Stronger protection of intellectual property rights,
promotion of electric vehicles by the introduction of an environment tax
- Others
The average for all topics is highest in “increase government research funding” with 54.2%, followed
by “develop R&D infrastructure” (42.9%), “reinforce cooperation of industry and the academic world and
among fields” (40.3%), and “foster human resources” (32.0%).
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Figure 2.2-7 Measures the government should adopt
By measure, “foster human resources” was highest in “Life science” (53.2%), followed “Health and
medical care” (47.6%), “Space” (43.5%) and “Marine science and earth science” (41.5%).  “Reinforce
cooperation of industry and the academic world and among fields” was ranked highly in “Manufacturing”
(54.3%), “Urbanization and construction” (52.5%) and “Health and medical care” (50.4%). “Develop
research and development infrastructure” was high in “Health and medical care” (66.7%), “Space”
(56.3%), “Environment” (51.5%) and “Life science” (51.0%).  “Increase government research funding”
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was ranked highly in the 12 fields other than “Manufacturing”, “Distribution”, “Business and
management” and “Services”, and especially highly in “Health and medical care” (72.2%) and “Space”
(71.6%).  The percentages for “develop environment for business startups” are quite small with little
difference among fields, but those more prominent are “Services” (16.4%), “Information and
communications” (15.1%) and “Distribution” (14.2%).  “Relax/abolish related regulations” was high in
information technology-related fields such as “Business and management” (36.7%), “Services” (30.4%)
and “Distribution” (24.1%).  “Reinforce/establish related regulations” was relatively high in “Business and
management” (24.4%) and “Environment” (21.5%).
2.5.2. Foster human resources
“Foster human resources” was the fourth highest among the eight measures the government should
adopt. Of the top 20 topics, “Life science” had the most with six topics, reflecting the importance of this
field in the future and its need for highly capable personnel.
Table 2.2-20   Top 20 topics with a high “Foster human resources” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Business 31:English becomes the standard language for almost all companies inJapan. 85 2013
2 Marine & earth
61:Inauguration in Japan of global science and technology educational
organizations in the broad sense, in order to foster international
scientists and technologists contributing to conservation of the
global environment, development and maintenance of global
resources, etc.
84 2011
3 Marine & earth
65:Systematic development of re-evaluation programs related to
traditional technologies and life cultures, and widespread use of
mentoring systems for learning crafts and traditional skills.
82 2013
4 Business
38:Implementation by almost all postgraduate schools etc. of
specialized education on the management of technology (MOT) as
companies place greater importance on MOT.
81 2012
5 Services
18:Elucidation of the mechanism of school truancy, classroom
disruption, and learning difficulties, leading to widespread use of
methods of dealing with these issues.
79 2014
6 Life science 01:Development of methods for surmising new functions of proteinsfrom DNA base sequence data. 76 2009
7 Information 35:Elucidation of human creative mechanism to such an extent thatallows to apply to computer science. 76 2028
8 Marine & earth
62:Adaptation of natural history and scientific education methods to
hands-on science museums capable of developing scientific skills in
an enjoyable and playful atmosphere, and their spread throughout
Japan.
74 2011
9 Life science 34:Elucidation of the entire mechanism of formation of neuralnetworks at the molecular level. 74 2023
10 Life science 36:Elucidation of brain mechanisms for logical reasoning. 73 2028
11 Urbanization
69:Widespread use in Japan of a new system in which communities
and residents coordinate and cooperate with each other to prevent
crimes from being committed by persons suffering from mental
illness.
72 2017
12 Life science
58:Progress in bioinformatics enables integration and mutual
utilization of  massive amounts of data, leading to widespread
practice of life science research in virtual laboratories established
on  networks.
72 2015
13 Life science 35:Elucidation of relationship between learning/memory and synapticplasticity. 72 2023
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Field Topic Ratio (%) Forecastedrealization time
14 Services 12:Subjects relating to financial services, including financialengineering, are incorporated into the curriculum at high schools. 71 2010
15 Health 07:Elucidation of the pathogenesis of autism. 71 2016
16 Life science 57:Elucidation of the neurobiological basis of emotion. 71 2024
16 Services
19:Widespread use of vocational skills development systems capable
of improving specialist knowledge or skills qualifications of
middle-aged and older people using curriculums in line with the
occupation and circumstances of the individual.
71 2010
18 Health 74:Widespread use of palliative care in the final stage of life of elderlypeople. 70 2010
19 Manufacturing 52:Females account for 50% of researchers and technicians in themanufacturing field. 70 2018
20 Electronics
05:Development of DNA memory with self-multiplication and self-
recovery functions that imitates the data duplication, separation,
and memory systems based on  the four kinds of DNA base
combination.
70 2023
2.5.3. Reinforce cooperation of industry and the academic world and among fields
“Reinforce cooperation of industry and the academic world and among fields” was the third highest.
Strengthening this cooperation was emphasized in topics of fields that form the national base, such as
“Agriculture, forestry, fisheries and food” and “Urbanization and construction”.
Table 2.2-21   Top 20 topics with a high “Reinforce cooperation of industry and the academic world
and among fields” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Manufacturing
50:The relationship between universities and companies becomes
much closer through such measures as expansion of internships in
the science and engineering field, greater interchanges between
industry and academia, and expansion of corporate cooperation in
research and education, and through this, universities in Japan come
to play a greater role in technological innovation in manufacturing.
84 2012
2 Agriculture
12:Development of remote-controlled, multi-purpose agricultural
robots with artificial intelligence that enable even elderly people to
cultivate fields and harvest crops easily.
75 2014
3 Agriculture
37:Practical use of technology for manufacturing high-strength,
versatile and recyclable wood composite materials through
advances in the wood and non-wood material integration
technology.
73 2013
4 Urbanization
55:Widespread use in Japan of integrated data (land ownership, use,
transactions etc.) obtained through GIS (geographical information
system) in land policy and urban planning.
73 2011
5 Health 24:Practical use of a non-invasive technique to obtain blood-sugarlevels using body surface sensors. 72 2009
6 Urbanization
47:Widespread use in Japan of a comprehensive database of design
conditions, such as soil characteristics, geology and weather,
necessary for planning and designing.
72 2013
7 Agriculture 11:Practical use of agricultural robots capable of selecting andharvesting fruits according to quality. 72 2013
8 Urbanization
07:Development in Japan of technology for real-time monitoring of
damage to urban infrastructures and life line networks at the time of
a natural disaster.
71 2012
54
Field Topic Ratio (%) Forecastedrealization time
9 Urbanization
30:Widespread use of design methods for civil engineering and
building structures that incorporate LCA (Life Cycle Assessment)
concepts.
71 2012
10 Life science
31:Production of biodegradable plastics, such as bioplastics using
microorganisms and plants, accounts for more than half of the total
volume of worldwide plastic production.
71 2015
10 Life science 32:Development of technology for producing fuels such as alcohol onan industrial scale using seaweeds. 71 2014
10 Agriculture
16:Widespread use of agriculture, forestry and fisheries material and
containers, such as multi-film for open-field farming and fishing
gear, made from biodegradable material.
71 2011
13 Health 85:Widespread use of robots that care for people with severe physicaland mental disabilities. 70 2015
14 Urbanization 36:Widespread use of ITS  (Intelligent Transportation System) onarterial roads in Japan. 70 2013
15 Health
86:Widespread use of a system in which all medical data of an
individual, such as test results, medical history, and prescribed
medications, are stored on a single card.
70 2011
16 Agriculture 18:Widespread use of biomass energy technology using farm productsand by-products. 70 2014
17 Agriculture
13:Widespread use in Japan of advanced farming systems that
combine mesh data necessary for cropping, such as soil maps, and
other data such as weather and growth models.
70 2013
18 Agriculture
15:Widespread use of technology that keeps starch-based foods with
high water content such as cooked rice from deteriorating for a
prolonged period, making it possible to eat such foods at any time
without reheating when combined with aseptic packaging.
69 2011
19 Life science 70:Practical use of treatment protocols that use compoundtoxicity/metabolism databases or drug reactivity databases. 69 2013
20 Urbanization
63:Practical use in Japan of the technology to utilize long service-life
concrete and steel (at least 100 years) aiming at improving the
durability of buildings and civil structures.
68 2013
2.5.4. Develop research and development infrastructure
Second highest was “Develop research and development infrastructure”. All of the top 20 topics were
in “Health and medical care”. It is thought that the development of the R&D base in health and medical
care lags behind that in other fields or in other countries.
Table 2.2-22   Top 20 topics with a high “Develop research and development infrastructure” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Health 90:Elucidation of the mechanism whereby living organisms undergochanges in the space environment. 83 2020
2 Health 53:Practical use of a treatment method that promotes recovery frommotor paralysis through nerve stem cell transplantation. 82 2019
3 Health 87:Elucidation of molecular mechanism of memory. 81 2023
4 Health 89:Elucidation of individual aging mechanisms. 81 2021
5 Health 59:Practical use of fully implanted artificial lungs. 79 2021
6 Health 13:Widespread use of methods to prevent cancer based on geneticdiagnosis. 78 2017
7 Health 73:Widespread use of regenerative treatment technology for damagedorgans using embryonic stem cells. 77 2020
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8 Health 49:Widespread use of gene therapy for muscular dystrophy. 77 2018
9 Health 50:Development of effective treatment for amyotrophic lateralsclerosis. 76 2019
10 Health
81:Early elucidation of the appearance of unknown virulent pathogens
through a global surveillance system to prevent their world-wide
spread.
76 2017
11 Health 92:Practical application of the production of artificial cells with organcharacteristics. 75 2023
12 Health 52:Development of treatment methods effective against cerebellarataxia. 75 2019
13 Health 45:Development of a technique to deliver drug to targeted sites in thebrain. 74 2016
14 Health 78:Development of implanted devices to assist swallowing. 74 2017
15 Health
54:Completion of a causal classification of ADHD (attention deficit
hyperactivity disorder), and establishment of a drug treatment for
individual afflictions.
74 2020
16 Health 06:Elucidation of the contracting mechanisms in Alzheimer’s disease. 74 2014
17 Health 35:Development of treatment methods for prion diseases. 73 2019
18 Health 58:Development of fully implanted artificial hearts. 73 2015
19 Health 94:Development of antibacterial drugs that do not create resistantstrains. 73 2018
20 Health 88:Development of hybrid-type artificial intelligence that combinesICs and living cells. 73 2027
2.5.5. Increase government research funding
“Increase government research funding” was ranked highest of the eight measures. Of the top 20
topics, “Health and medical care” accounted for more than half with 11. Next was “Space”, which is
highlighted by large-scale R&D projects, with five. Of the 11 health and medical care topics, five were
cancer-related, and four were closely linked to aging, such as arteriosclerosis, myocardial infarction, and
Alzheimer’s disease.
Table 2.2-23   Top 20 topics with a high “Increase government research funding” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Health 55:Development of a cell therapy method for myocardial infarction. 86 2015
2 Space 04:Development of technology for assembling large telescopes ofseveral tens of meters or more in diameter in orbit. 83 2015
3 Transportation
34:Development of autonomous, unmanned, underwater investigation
vessels employing artificial intelligence which are capable of
investigating sea-bottom resources and undertaking other activities
without receiving any energy supply or external communication.
83 2014
4 Health 04:Elucidation of carcinogenic mutation mechanisms. 83 2014
5 Urbanization
14:Widespread use in Japan of technology that accurately simulates
the behaviors of structures or the ground at the time of a string
earthquake.
83 2012
6 Health 05:Elucidation of cancer metastasis mechanisms. 82 2014
7 Space
08:Realization of precision down to less than a centimeter in
measurement of crustal movement using VLBI (very long baseline
inter-ferometers), satellite lasers, inverse laser ranging, and
synthetic aperture radar to contribute to earthquake forecasting etc..
82 2013
8 Health 09:Elucidation of the arteriosclerosis contraction mechanisms. 82 2013
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9 Health 31:Possible to cure autoimmune diseases. 81 2021
10 Health 23:Development of a gastrointestinal tract examination device usingmicromachines. 81 2015
11 Life science 73:Elucidation of the molecular mechanisms of flower buddifferentiation in higher plants and its application in agriculture. 81 2015
12 Health 21:Widespread use of non-invasive diagnosing methods to determinethe level and extent of arteriosclerosis. 81 2012
13 Space 16:Development of a partially reusable (fly-back booster) spacetransportation craft. 81 2015
14 Health 89:Elucidation of individual aging mechanisms. 81 2021
15 Space
07:Practical use of microwave radiometers to be mounted on
satellites, which are designed for measuring water, soil moisture,
salt deposit concentration, and ice/snow distribution on land over
the entire earth with a space resolution of 1 km or less.
81 2013
16 Health 42:Practical use of effective methods against cancer metastasis. 80 2017
17 Space
18:Development in Japan of a two-stage space plane whereby a
winged spacecraft powered by reusable rocket engines is launched
from a high-speed aircraft powered by air-breathing engines.
80 2020
18 Health 44:Widespread use of gene therapy for cancer. 80 2018
19 Health 38:Improvement in the average five-year survival rate for all types ofcancer to more than 70% . 80 2020
20 Life science 59:It becomes possible to prevent the progress of Alzheimer’s disease. 80 2017
2.5.6. Develop environment for business startups
The response rate for “develop environment for business startups” was generally quite low.  The
percentage of the top-ranking topic was only 67%, considerably lower than the top topic for the other
measures.
Table 2.2-24   Top 20 topics with a high “Develop environment for business startups” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Business
34:Entrepreneurial education is introduced in postgraduate school
curriculums, and as a result, 10% of postgraduate students start up
venture companies.
67 2011
2 Distribution
01:At least 50% of households use a system in which an individual
makes a design of a product (clothing, general goods, furniture,
etc.) on a personal computer and transmit it to a manufacturer's host
computer to allow the product to be manufactured on a made-to-
order basis in a factory after receiving the design from the host.
65 2013
3 Services
46:More than half of all households use Internet delivery service for
food ingredients or prepared food according to individual
household needs.
61 2013
4 Services
49:Widespread sales of recycled furniture, electrical appliances and
other general products through the Internet etc. to reach the same
level of sales as new products.
58 2013
5 Services
47:At least 80% of people use a home ordering system that enables
people ordering clothes to have the clothes made according to their
own individual tastes.
57 2014
6 Distribution
04:Sales from on-line shopping through a digital network (shopping
through virtual malls) account for more than 50% of total sales by
retail shops.
55 2015
57
Field Topic Ratio (%) Forecastedrealization time
7 Information
76:Major stores are completely converted into showrooms, and
customers can search and place orders for goods through catalogs
or over networks, and take receipt of their goods by home delivery
or at convenience stores, train stations, etc. at any time.
53 2010
8 Services 42:Widespread use of electronic travel pamphlets and product catalogsthat use virtual reality. 52 2010
9 Distribution
02:More than 20% of retail shops earn more from their services
(consulting, agent, etc.) than from their goods sales following the
expansion of e-commerce.
52 2010
10 Resources 42:Widespread use of solar hot-water supply systems in nearly 70% ofJapanese households (current rate 20%). 48 2017
11 Urbanization
29:Widespread use in Japan of technological systems for automatic
separation of combustibles, metal, glass, and other substances from
city garbage and other general wastes in terms of hardness, specific
gravity, moisture, and color, etc.
47 2014
12 Information 70:Most book purchases will be done through online shoppingsystems from the home rather than at bookshops. 46 2008
13 Information
93:Emergence of a virtual company with an annual turnover of around
¥100 billion and at least 1,000 staff members working from home,
and whose organizational structure and operation is done entirely
on the Internet with no real head office building.
45 2010
14 Space 14:Realization of a private-run research institution in orbit. 44 2019
15 Resources 41:Widespread use of solar cells for residential power supply. 44 2014
16 Distribution
13:Widespread use among at least 50% of households of a service that
prepares recipes in response to individual needs based on family
information (chronic diseases, age makeup, diet, taste, health level,
etc.), and provides the food products or semi-prepared or fully
prepared meals, taking into account ingredients, price and delivery
method.
43 2015
17 Urbanization
43:Widespread use in Japan of houses equipped with robots and other
devices that assist senior citizens and disabled people with
everyday tasks, including eating meals, bathing, going to the toilet,
and having entertainment, to carry these out without human
42 2017
18 Services
41:Widespread use of electronic newspapers and electronic museums
which can be compiled in line with the specific interests of
individuals.
41 2010
19 Information
69:Widespread use of electronic newspapers, electronic magazines or
electronic museums which can be compiled and provided in line
with the specific interests of individuals.
41 2010
20 Resources
75:Establishment of waste sorting and collection systems, leading to
widespread use of recycling systems that produce, distribute and
consume recycled materials and goods based on new economic
criteria and standards.
40 2016
58
2.5.7. Relax or abolish related regulations
The response rate for “Relax or abolish related regulations” was generally quite low. Many of the top 20
topics are in “Information and communications” and “Business and management”. Other topics include those
in fields relating to the social infrastructure and other public services.
Table 2.2-25   Top 20 topics with a high “Relax or abolish related regulations” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Information 83:Widespread use of government office services through networksregarding applications and general procedures. 84 2009
2 Business 19:Almost all intercompany transactions are settled electronically. 84 2011
3 Information 85:Widespread use of convenience stores or train stations that act asagents for 24-hour administrative and financial services etc. 83 2008
4 Information 84:Widespread use of in-home electronic voting in elections. 82 2013
5 Services
11:The use of notes and coins falls to one-tenth of all payments due to
the widespread use of electronic money and advances in electronic
settlement systems.
80 2012
6 Business 16:General shareholders meetings and board meetings are held overthe Internet in Japan. 78 2009
7 Business 24:Foreign workers account for more than 10% of the Japaneseworkforce. 78 2014
8 Information 90:Widespread use of electronic money for cash transactions to theextent that it has the same feeling as using conventional money. 78 2013
9 Services 23:Widespread use of government office counter services relating tonotifications, procedures, etc., provided through networks. 77 2009
10 Urbanization 70:Widespread construction in Japan of public facilities using PFI(private finance initiative). 76 2011
11 Information
18:Realization of an environment in which the unlimited utilization of
high-capacity networks (150 Mbps) for around 2,000 yen/month or
less is possible.
75 2009
12 Business 21:Almost all payments for consumer purchases are made usingelectronic money. 74 2014
13 Information
95:Implementation of academic credit interchanges between overseas
and Japanese universities through distance learning over the
Internet.
74 2007
14 Business 23:The investment ratio by private investors in the stock market inJapan rises to U.S. levels. 73 2012
15 Business
27:The work style in which people work at home for several different
companies becomes firmly established as a result of advances in
information technology.
73 2015
16 Distribution
05:Use of a home delivery system in which various goods ordered to
different companies are delivered in a single lot accounts for more
than 50% of all deliveries.
73 2014
17 Urbanization
72:Widespread use in Japan of a framework in which governments
comprehensively evaluates the technological capability of
companies, including post-construction assessments of work carried
out in the past, and gives priority to this in the tendering and
contracting process so as to ensure the quality of public works.
72 2010
18 Information
93:Emergence of a virtual company with an annual turnover of around
¥100 billion and at least 1,000 staff members working from home,
and whose organizational structure and operation is done entirely
on the Internet with no real head office building.
71 2010
19 Information
91:Widespread use of a SCM (supply chain management) system to
handle data management (orders, design, manufacturing,
operations, and maintenance) uniformly among related companies.
69 2008
59
Field Topic Ratio (%) Forecastedrealization time
20 Information 94:More than half of salaried workers in Japan work from a SOHO(small office/home office). 68 2020
2.5.8. Reinforce or establish related regulations
The response rate for “Reinforce or establish related regulations” was generally quite low. The rate
was relatively high in Services-related fields such as “Business and management”, “Services” and
“Distribution”, and for some topics in “Environment”.
Table 2.2-26   Top 20 topics with a high “Reinforce or establish related regulations” response rate
Field Topic Ratio (%) Forecastedrealization time
1 Business 15:Companies are generally obligated to display the environmentalload of offices. 87 2010
2 Environment 40:Introduction of an environmental tax in Japan with the aim ofpreserving the global environment. 79 2009
3 Business 13:Companies are obligated to disclose more financial data to thegeneral public. 77 2007
4 Business
26:Industry clusters (structure in which each industry utilizes the
waste products of other industries in the waste process) are
established, and industries are obligated to place reusable industrial
waste on that recycling route.
75 2014
5 Services 40:Establishment of global rules on multimedia copyright to promotethe production and distribution of multimedia contents. 74 2009
6 Business 35:Almost all listed companies introduce environmental accounting. 72 2010
7 Services 35:Emergence of electronic media that stimulate the pleasure center inthe brain, causing a social problem similar to narcotic drugs. 71 2012
8 Business
05:Environment-friendly product development practices such as the
introduction of “eco-design” or “green procurement” becomes a
management standard.
68 2008
9 Distribution
09:Widespread use by at least 80% of companies in the food sector of
zero-waste or 100% recyclable product development within the
distribution process, including packaging.
66 2015
10 Environment 39:Reduction of global carbon dioxide emissions to 20% below the1990 level. 63 2027
11 Resources 76:Widespread use of environmental accounting concepts and systemsin companies. 63 2010
12 Business 11:Network crime is reduced to about half current levels as a result ofadvances in information technology. 62 2011
13 Distribution
40:Implementation by administrative organs or the tertiary sector of
public information or education initiatives that will enable
consumers to accurately judge composition, configuration,
specifications, etc. for almost all commodities.
62 2014
14 Business
14:International standards are prescribed for employing foreign
workers, and companies are obligated to conclude employment
contracts that conform to those standards.
62 2011
14 Distribution
39:The necessity of preventing the deterioration of the global
environment through various consumption and purchasing actions
(e.g. recycling, and reducing packing paper) is accepted by
consumers, and charges are applied to at least 80% of shopping
bags and packing paper.
62 2011
60
Field Topic Ratio (%) Forecastedrealization time
16 Manufacturing
40:Widespread use of a design-manufacturing-collection-recycling
system in which manufacturers are obligated by law to collect and
dispose of disused products, and at least 90% of used material is
recycled.
61 2015
17 Distribution
03:More than 80% of retail shops in major department stores,
supermarket chains, and convenience stores are able to meet the
special needs of people who face difficulties in shopping (e.g.
elderly people, parent with children, and wheelchair users).
60 2012
18 Environment
38:Large reduction of the amount of buried industrial waste as a result
of advances in the reorganization and integration of industrial
technology aimed at reducing waste emissions to zero.
59 2018
19 Services 48:Obligation by law to take all paid holidays available. 58 2013
20 Information 10:The number of recycled parts in new personal computers,including displays, exceeds 90% of all component parts. 57 2012
2.6. Potential problems in Japan
2.6.1. Overall trends
The figure below shows overall trends for potential problems in Japan.
“Adverse effect on the natural environment” was highest in “Resources and energy” (25.4%),
“Environment” (22.0%), “Agriculture, forestry, fisheries and food” (18.7%), and “Marine science and
earth science” (15.9%). “Adverse effect on safety” was highest in “Distribution” (27.3%), followed by
“Services” (21.7%), and “Transportation” (19.9%). “Adverse effect on morals, culture or society” was
highest is “Business and management” (30.9%), followed by “Services” (27.3%), and “Life science”
(25.6%). “Other adverse effects” had an overall topic average of 1.9%, with the highest percentage a mere
4.5% in “Distribution”.
61
Figure 2.2-8   Potential problems in Japan
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2.6.2. Adverse effect on the natural environment
Of the top 20 topics for which respondents felt concern about the adverse effect on the natural
environment, eight are in “Agriculture, forestry, fisheries and food”, and four are in “Resources and
energy”. In “Agriculture, forestry, fisheries and food”, respondents were concerned about changes in
ecosystems that would go hand-in-hand with the use of genetically modified animals and plants, and the
use of organisms and microorganisms in crop cultivation.
Table 2.2-27   Top 20 topics with a high “Adverse effect on the natural environment” response rate
Field Topic Ratio(%)
Forecasted
realization time
1 Agriculture
41:Creation of varieties with a high resistance to changes in water
temperature and diseases through the application of technology
for analyzing genome information, and the widespread use of
systems for cultivating fisheries resources with desirable traits.
74 2017
2 Resources 28:Practical use of methane hydrate mining technology. 66 2022
3 Resources 29:Practical use of large-scale underground coal gasification. 64 2024
4 Agriculture
08:Reduction by half of the amount of agricultural chemicals by
using predominantly biological methods of crop protection (e.g.
use of natural enemy organisms, pheromones and
allelochemicals).
61 2015
5 Agriculture 44:Practical use of technology for utilizing large volumes of deepseawater with the aim of forming good offshore fishing grounds. 60 2016
6 Urbanization 60:Practical use of technology system needed to build citiessystematically in remote areas such as deserts and polar regions. 59 2025
7 Resources
08:Practical use of economical techniques to recover deep ocean
metal resources, such as manganese nodules, colloidal or
hydrothermal deposits of heavy metals, and cobalt-rich crusts.
58 2022
8 Urbanization 56:Realization of marine cities by progress in offshore engineering. 58 2023
9 Life science
22:Elucidation of the molecular mechanisms of signal transduction
in plants, from the perception of external signals such as low
temperature to phenotypic expression, and practical use of cold-
resistant plants.
57 2014
10 Transportation
47:Development of a passenger transport that cruises at Mach 3 - 4
(1.5 - 2 times as fast as the Concorde) with a maximum of 300
passengers on board (3 times as many as the Concorde), and is
capable of crossing the Pacific Ocean in 3 - 4 hours.
57 2024
11 Agriculture
33:Development of commercial varieties of conifers with desirable
characteristics, for example, cedars that do not release pollen,
through the application of gene manipulation, cell fusion and
other similar technologies in forest tree breeding.
56 2015
12 Agriculture
05:Practical use of genetically uniform seeds of F1 varieties of
crops such as maize through the introduction of apomixis genes
via gene manipulation.
55 2014
13 Resources 43:Practical use of hot dry rock power-generating technologies. 55 2023
14 Agriculture
04:Development of cultivation methods for non-leguminous crops
through the development and utilization of highly efficient
symbiotic nitrogen-fixing microorganisms.
55 2015
15 Environment 07:Development of technology to store carbon dioxide at deep sealevels of more than 3,000 m below surface. 55 2018
16 Marine & earth 18:Practical use of platforms for processing waste in offshore areas. 54 2013
17 Agriculture
07:Practical use of technology for preventing crop replant failure
through biological methods, such as controlling microflora in the
soil.
54 2016
63
Field Topic Ratio(%)
Forecasted
realization time
18 Agriculture
42:Elucidation of the mechanism by which stocked fry adapt to the
natural environment and the impact this has on the ecosystem,
leading to practical use of cultivating techniques that provide a
high survival rate and low impact on the ecosystem after
stocking.
54 2018
19 Marine & earth 26:Practical use of technology for fixing carbon dioxide under theseabed. 54 2017
20 Life science
86:Widespread use of crops that can be grown without agricultural
chemicals using genetic engineering technology, after gaining
understanding of the general public.
53 2015
2.6.3. Adverse effect on safety
The top 20 topics of concern about the adverse effect on safety were dominated by “Distribution” (7
topics), “Agriculture, forestry, fisheries and food” (6 topics), and “Services” (5 topics). Most topics dealt
with e-commerce transactions and gene technology.
Table 2.2-28   Top 20 topics with a high “Adverse effect on safety” response rate
Field Topic Ratio(%)
Forecasted
realization time
1 Agriculture 02:Widespread use in Japan of crop varieties improved by genemanipulation (higher yield, disease- and cold-resistance, etc.). 68 2013
2 Business 21:Almost all payments for consumer purchases are made usingelectronic money. 65 2014
3 Services
07:Widespread use of multifunctional smart cards with security
functions (encryption, anti-tamper, firewall functions etc.),
secretarial functions (reservations, schedule management, etc.),
electronic bill payment functions, etc., making it possible to
carry out any procedure such as payment for purchase with a
single card anywhere in the world.
64 2009
4 Services
11:The use of notes and coins falls to one-tenth of all payments due
to the widespread use of electronic money and advances in
electronic settlement systems.
63 2012
5 Services
08:Widespread use of biological verification means, such as
fingerprints and DNA, instead of seals, signatures, passwords,
etc., for customer identification for various accounts.
59 2011
6 Distribution
04:Sales from on-line shopping through a digital network (shopping
through virtual malls) account for more than 50% of total sales
by retail shops.
57 2015
7 Distribution
18:Widespread use by at least 80% of shops of food preservation
technology that increases the shelf-life of perishables to reduce
distribution frequency.
57 2014
8 Agriculture
20:Widespread use of technology for genetic improvement (disease
resistance and fecundity) of domestic animals by introduction of
genes with desirable traits into the fertilized ovum or embryo.
56 2014
9 Agriculture
22:Practical use of technology for producing transformed livestock
capable of efficiently secreting physiologically active substances
(medicines), such as antimicrobial proteins and blood
coagulating factors, in milk utilizing embryonic stem (ES) cells.
56 2013
10 Services
27:Widespread use of secure data storage services, including
confidential corporate information, by a majority of government
authorities, local governments, and listed companies.
55 2010
11 Agriculture
64:Development of genetically modified food including functional
ingredients capable of preventing hypercholesterolemia,
hypertension and hay fever.
54 2013
64
Field Topic Ratio(%)
Forecasted
realization time
12 Resources 45:Practical use of fast breeder reactor systems and  nuclear fuelcycle. 53 2031
13 Distribution 38:At least 80% of shop checkouts are unattended as a result of thewidespread use of electronic money etc. 53 2016
14 Distribution
34:Widespread use by at least 50% of households of a system that
collectively manages all individual or household account
settlements to the best advantage.
53 2015
15 Distribution
13:Widespread use among at least 50% of households of a service
that prepares recipes in response to individual needs based on
family information (chronic diseases, age makeup, diet, taste,
health level, etc.), and provides the food products or semi-
prepared or fully prepared meals, taking into account ingredients,
price and delivery method.
53 2015
16 Distribution
35:Widespread use of a service that advises when electronic
account payments are exceptional compared to past payment
records (e.g. a series of higher-than-average purchases).
52 2011
17 Distribution
02:More than 20% of retail shops earn more from their services
(consulting, agent, etc.) than from their goods sales following the
expansion of e-commerce.
52 2010
18 Agriculture 21:Widespread use of the cloning of superior cattle by nucleartransplantation. 52 2010
19 Services
10:Teller service counters at financial institutions are reduced to
one-tenth the present levels due to the development of finance-
related intelligent agent systems, and advances in and increased
functionality of ATMs.
52 2009
20 Agriculture 01:Determination of the whole DNA sequence of crops (e.g. rice)to isolate useful genes. 51 2008
2.6.4. Adverse effect on morals, culture or society
Three-quarters of the top 20 topics of concern about the adverse effect on morals, culture or society
are in the life-related fields — “Life science” (six topics), “Health and medical care” (four), and
“Agriculture, forestry, fisheries and food” (four). Most topics are connected with life ethics, including
gene diagnosis and manipulation, and stem cell research and use.
Table 2.2-29   Top 20 topics with a high “Adverse effect on morals, culture or society” response rate
Field Topic Ratio(%)
Forecasted
realization time
1 Services 35:Emergence of electronic media that stimulate the pleasure centerin the brain, causing a social problem similar to narcotic drugs. 79 2012
2 Services
09:Widespread use of insurance diagnoses and credit assessment
based on genetic tests or behavioral data analysis for insurance
contracts such as for life insurance and automobile insurance.
76 2013
3 Life science
11:It becomes possible to determine the entire base sequences of an
individual including genetic structure and SNP (single nucleotide
polymorphism) promptly and cheaply, leading to widespread use
of such methods for diagnosis and tailor-made treatment.
73 2012
4 Health 14:Practical use of the prevention against congenital anomalyoriginating in the embryonic or fetal period. 72 2017
5 Health 01:Quantification of stress levels becomes possible. 71 2013
6 Life science 64:Development of a complete in vitro embryo cultivationtechnique based on artificial placentas for mammals. 68 2021
7 Life science 17:It becomes possible to differentiate separated stem cells into anyorgan in vitro, leading to clinical application of such techniques. 67 2019
65
Field Topic Ratio(%)
Forecasted
realization time
8 Information 42:Computers become capable of electrically and magneticallyreading information recorded in the human brain. 65 2028
9 Health 02:Practical use of a method to quantitatively assess biological age. 65 2013
10 Life science 16:Development of technology to regenerate targeted organs fromdifferentiated animal cells. 64 2017
11 Agriculture
65:Advances in the use of somatic cell cloning technology
following elucidation of the mechanism by which highly
differentiated animal somatic cells take on all functions through
nuclei transplantation.
63 2015
12 Agriculture
59:Widespread use of transgenic pig organs capable of overcoming
ultra-acute rejection in cross-species transplantation as an interim
measure until a human organ becomes available for transplanting
into a critically ill patient.
63 2016
13 Agriculture 21:Widespread use of the cloning of superior cattle by nucleartransplantation. 61 2010
14 Business 24:Foreign workers account for more than 10% of the Japaneseworkforce. 61 2014
15 Business 31:English becomes the standard language for almost all companiesin Japan. 60 2013
16 Health 93:Inhibiting the aging process becomes possible through genemanipulation. 60 2027
17 Agriculture
20:Widespread use of technology for genetic improvement (disease
resistance and fecundity) of domestic animals by introduction of
genes with desirable traits into the fertilized ovum or embryo.
59 2014
18 Life science 39:Widespread use of technologies for long-term (semi-permanent)culturing and preservation of organs. 59 2019
19 Materials 04:Practical use of technologies for utilizing cultured tissue fromstem cells or ES cells as material for artificial organs or tissue. 59 2016
20 Life science 45:Widespread use of technology for transplanting nerve cells tothe brain. 59 2020
2.7. Relationship among items
2.7.1. Degree of importance and other items
We ranked all topics by degree of importance index into a) top group (1–100), b) middle group (101–
582), and c) bottom group (583–1065), and examined their relationship with other items.
(1) Degree of importance and expected effect
Generally, topics with a high degree of importance tend to be ranked highly in expected effect as well.
The gap is especially pronounced in “resolution of global problems”. There was no gap between the top
and middle groups in “contribution to socioeconomic development”, however the effect in the bottom
group was quite low. There was no evident relationship between degree of importance and “expansion
of human intellectual resources” and “response to people’s needs”.
66
Figure 2.2-9   Expected effect by group
(2) Degree of importance and forecasted realization times
Whereas topics in the middle and bottom groups tend to be concentrated in the period 2011–2015,
topics in the top group tend to be slightly more evenly distributed among the different periods (Fig. 2.2-
10).
By field, the general trend was that the higher the degree of importance, the later the forecasted
realization time (Fig. 2.2-11). The practical application fields such as “Distribution”, “Business and
management” and “Services” showed a low degree of importance and an early forecasted realization time;
while fields such as “Life science” and “Electronics” showed a high degree of importance and a late
forecasted realization time. “Space” was the exception — low degree of importance and late forecasted
realization time.
Figure 2.2-10   Forecasted realization times by group
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Figure 2.2-11   Forecasted realization times and expected effect by field
(3) Degree of importance and current leading countries
A look at the relative percentage for current leading countries (percentage for each country / total
percentage value for all countries (multiple choice so total exceeds 100%)) in topics in the three groups for
degree of importance shows that for Japan and the EU, the level of dominance tends to fall as the degree
of importance drops, while the opposite trend is the case for the USA, which ranks the top through all
groups.
In the topics in the top degree of importance group, the difference between top ranking USA and
Japan is around 6%, but in the middle and bottom groups, the difference increases to 11% and 17%,
respectively.
Figure 2.2-12   Current leading countries by group
(4) Degree of importance and effective measures the government should adopt
In all three groups, “increase government research funding”, “develop research and development
infrastructure”, “reinforce cooperation of industry and the academic world and among fields”, and “foster
human resources” were considered to be effective. However, the higher the degree of importance, the
higher the response rate for each measure, indicating greater expectations of government support for the
important topics.
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Figure 2.2-13   Effective measures by group
2.7.2. Expected effect and other items
We classified topics according to the expected effect in which they were rated highest (major effect)
— i) socioeconomic development group (topics whose major effect is “contribution to socioeconomic
development”), ii) global resolution group (topics whose major effect is “resolution of global problems”),
iii) people’s needs group (topics whose major effect is “response to people’s needs”) and iv) intellectual
resources group (topics whose major effect is “expansion of human intellectual resources”). We looked at
the relationship between expected effect and other items for topics whose degree of importance index is
above the total topics average of 61.2. The table gives a breakdown of the topics by field.
Table 2.2-30   Breakdown of topic groups by field
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The socioeconomic development group includes many topics in “Information and communications”,
“Electronics” and “Materials and processes”, and also “Manufacturing” and “Business and management”.
The global resolution group consists of mainly topics in “Agriculture, forestry, fisheries and food”,
“Marine science and earth science”, “Resources and energy”, “Environment”, and “Materials and
processes”. The people’s needs group includes many topics from “Life science” and “Health and medical
care”; and “Life science” accounts for the majority of topics in the expansion of intellectual resources
group.
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 (1) Expected effect and forecasted realization time
We looked at the forecasted realization time for each group. More than half of the topics in the
socioeconomic development group are forecasted to be realized during the period 2011–2015. Similarly,
half of the topics in the global resolution group and people’s needs group are forecasted to be realized
2011–2015, but there are also many topics in the 2016–2020 period, indicating a slight shift to later years.
Topics in the intellectual resources group are split into two distinct peaks — 2006–2015, and 2026–2030.
Figure 2.2-14   Forecasted realization times by group
(2) Expected effect and current leading countries
The figure below shows current leading countries in each group. Japan accounts for roughly 30% in
all groups except the intellectual resources group, and while there are no differences based on type of
major effect, Japan was top in the global resolution group by a slight margin. USA was top in all except
the global resolution group, and especially dominant in the intellectual resources group. EU was rated
highly in the global resolution group.
Figure 2.2-15   Current leading countries by group
(3) Expected effect and effective measures the government should adopt
In the socioeconomic development group, global resolution group and people’s needs group,
“increase government research funding” was ranked highest, followed by “develop research and
development infrastructure” and “reinforce cooperation of industry and the academic world and among
fields”. In the global resolution group, “reinforce/establish related regulations” was higher than in the
other groups, and in the intellectual resources group, “reinforce cooperation of industry and the academic
world and among fields” was low, and “foster human resources” was high. These trends were different
from those in the other three groups.
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Figure 2.2-16   Effective measures by group
 (4) Expected effect and potential problems
The figure below shows potential problems in each group. The socioeconomic development group
shows a similar pattern to the overall topic average, with concerns about the “adverse effect on the natural
environment”, “adverse effect on safety” and “adverse effect on morals, culture or society” each around
the 10% mark. The global resolution group scored a very high 21% for concerns about the “adverse effect
on the natural environment”, while the people’s needs group had high response rates for “adverse effect on
safety” and “adverse effect on morals, culture or society”.  In the intellectual resources group, concern
about the “adverse effect on morals, culture or society” was an extremely high 29%.
Figure 2.2-17   Potential problems by group
2.8. Characteristics in each field from a degree of importance and forecasted realization time
perspective
One fourth in the higher rank, and middle rank of the importance are extracted from 1065 topics and
classified in three according to the realized time.  Topics of each area are totaled in each 16-technology
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fields of this investigation and picked up the items with rather greater in number of topics, as shown in the
following figure.
Information
Though the realization time of important topics of information and communications field are early,
electronics field are late.  Information and communications field based on the development of
electronics such as next generation device is hard to foresee its long-term direction.
Life science
There are many topics of life science field and many of them are late in realization time but some of
them are early.  Topics of health and medical care field appear in the middle class group.  Important
topics of agriculture, forestry, fisheries and food field, are thought to realize rather earlier.
Environment
Important topics of environment field are relatively distributed on and after the middle term of the
realization time.  Many of the important topics of resources and energy field, which are closely related
to environment field, are realized in the middle term.  Realization time of the important topics of marine
and earth field, which is a basic science field, is rather early.
Materials
Topics of material and processes field appear averagely in the middle term of the realization time for
both higher and middle ranks in importance and this shows its variety of technology in this field.
Other fields
Many of the topics in manufacturing field are higher ranked group in importance and realization time
varies from earlier ones to later one.  This is the characteristic of this field, which is closely related to
information technology, environment technology and material technology.  Topics of urbanization and
construction field appear in the middle rank group.
Figure 2.2-18   Classification of topics according to the degree of importance and forecasted realization time
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3. Identical and similar topics among fields
We compared and examined forecasts by the experts in different fields based on the results of
identical and similar topics set over several fields. Of the 1,065 topics of this survey, three groups (six
topics) were identical, and 100 groups (316 topics) were similar. We looked at one group of identical
topics and ten groups of similar topics as typical examples, and compared the degree of importance indices
and forecasted realization times.
3.1.Examples of topics with similar results
i) Computerization of government office counter services (identical topics)
This is an identical topic common to both “Information and communications” and “Services”.
Experts in both fields indicated the same forecasted realization time of 2009. In the degree of importance,
the topic in the “Information and communications” field — technology provider side — had an index of
79, which was higher than the 65 for the topic in the “Services” field — technology user side.
Table 2.3-1   Topics with similar results (government office counter services)
Field Topic Importanceindex
Forecasted
realization time
Information 83:Widespread use of government office services through networksregarding applications and general procedures. 79 2009
Services 23:Widespread use of government office counter services relating tonotifications, procedures, etc., provided through networks. 65 2009
ii) High-level radioactive waste (similar topics)
This is a similar topic common to both “Resources and energy” and “Urbanization and construction”.
Experts in both fields indicated the same forecasted realization time of 2021. In the degree of importance,
both fields recorded a very high index value.
Table 2.3-2   Topics with similar results (high-level radioactive waste)
Field Topic Importanceindex
Forecasted
realization time
Resources 49:Practical use of technology for the safe disposal of highly radioactivesolid waste. 94 2021
Urbanization 26:Practical use of technology for disposing of high-level radioactivewaste. 91 2021
iii) Methane hydrates (similar topics)
This is a similar topic common to both “Resources and energy” and “Materials and processes”. There
is a three year difference between the two fields in forecasted realization time — 2022 in the resources and
energy field, which has a high number of energy experts, but 2019 in the materials and processes field.
The degree of importance is slightly higher in “Resources and energy” with 83 than in “Materials and
processes” with 78.
Table 2.3-3   Topics with similar results (methane hydrate)
Field Topic Importanceindex
Forecasted
realization time
Resources 28:Practical use of methane hydrate mining technology. 83 2022
Materials 36:Practical use of industrial methane hydrate mining technology. 78 2019
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iv) Endocrine-disrupting chemicals (similar topics)
This is a similar topic common to both “Agriculture, forestry, fisheries and food” and “Environment”.
Experts in both fields indicated the same forecasted realization time of 2015. The degree of importance is
higher in “Agriculture, forestry, fisheries and food” with 87 than in “Environment” with 76.
Table 2.3-4   Topics with similar results (endocrine-disrupting chemicals)
Field Topic Importanceindex
Forecasted
realization time
Agriculture
76:Elucidation of the mechanism by which the toxicity of endocrine-
disrupting chemicals is manifest and its effect on reproductive functions,
behavior, brain functions, immune functions, etc., and the establishment
of safe limits for humans and livestock.
87 2015
Environment
30:Elucidation of health disturbances caused by long-term exposure to low
concentrations of endocrine-disrupting chemicals (so-called
environmental hormones).
77 2015
3.2. Examples of topics with a recognized difference in forecasted realization time
i) Self-organization (similar topics)
While there are differences in that one is devices and the other memory material, the topic in
“Materials and processes” has an earlier forecasted realization time than the topic in “Life science”. The
degree of importance for “Life science” is lower than for “Materials and processes”.
Table 2.3-5   Topics with a recognized difference in forecasted realization time (self-organization)
Field Topic Importanceindex
Forecasted
realization time
Life science 50:Development of devices with self-assembling, self-organizing, and self-recovering capabilities. 60 2026
Materials 87:Practical use of memory material that provides specific nano-scalestructure and characteristics through self-organization. 72 2018
ii) Utilizing deep water (similar topics)
While there is a difference between the two in the volume of deep water used, experts in “Marine
science and earth science” forecasted an earlier realization time than the experts in “Agriculture, forestry,
fisheries and food”. There is virtually no difference in the degree of importance.
Table 2.3-6   Topics with a recognized difference in forecasted realization time (Utilizing deep sea water)
Field Topic Importanceindex
Forecasted
realization time
Agriculture 44:Practical use of technology for utilizing large volumes of deep seawaterwith the aim of forming good offshore fishing grounds. 55 2016
Marine & earth 37:Practical use of technology for fisheries products production utilizingdeep ocean water. 56 2009
3.3. Examples of topics with a recognized difference in degree of importance
i) Electronic money (similar topics)
The degree of importance was high in the technology supplier side of “Information and
communications”, but not very high in the technology user side of “Distribution”, “Business and
management”, and “Services”. The forecasted realization times for all fields are generally the same at
between 2012 and 2014.
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Table 2.3-7   Topics with a recognized difference in degree of importance (electronic money)
Field Topic Importanceindex
Forecasted
realization time
Information 90:Widespread use of electronic money for cash transactions to theextent that it has the same feeling as using conventional money. 74 2013
Distribution
37:Electronic money (prepaid cards, debit cards, etc.) is used by
80% of consumers for payments and settlements for purchase of
products including inexpensive daily necessities.
45 2014
Business 21:Almost all payments for consumer purchases are made usingelectronic money. 52 2014
Services
11:The use of notes and coins falls to one-tenth of all payments due
to the widespread use of electronic money and advances in
electronic settlement systems.
57 2012
ii) CO2 fixation technology using organisms (similar topics)
These are similar topics common to “Life science” and “Environment”. Experts in “Life science”
assessed this topic as more important than did the “Environment” experts. The forecasted realization time
for both is the same at 2018.
Table 2.3-8   Topics with a recognized difference in degree of importance (CO2 fixation)
Field Topic Importanceindex
Forecasted
realization time
Life science 33:Practical use of technology for the immediate biological fixation ofhighly concentrated carbon dioxide emitted from thermal power stations. 83 2018
Environment 08:Practical use of carbon dioxide fixation technology using organismssuch as microalgae. 54 2018
iii) Intelligent material (similar topics)
Experts in “Materials and processes” assessed this topic as more important than did the “Urbanization
and construction” experts. The forecasted realization time for both is the same at 2018.
Table 2.3-9   Topics with a recognized difference in degree of importance (intelligent material)
Field Topic Importanceindex
Forecasted
realization time
Materials
102:Development of intelligent materials with self-diagnosis and repair
functions incorporating sensor functions, programming functions, and
effector functions.
66 2018
Urbanization 48:Development of intelligent structural materials with self-diagnostic andself-repairing functions. 42 2018
iv) Automatic driving system (similar topics)
These are similar topics common to “Information and communications” and “Transportation”. The
degree of importance is higher in “Information and communications” than in “Transportation”. The
forecasted realization time is generally the same.
Table 2.3-10   Topics with a recognized difference in degree of importance (automatic driving system)
Field Topic Importanceindex
Forecasted
realization time
Information 80:Widespread use of auto-drive automobiles in limited areas such asexpressways with the advancement of ITS. 63 2016
Transportation
17:Practical use of an automatic driving system capable of safe and smooth
automatic operation on expressways etc. simply by setting the desired
destination.
45 2017
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v) Electric cars (similar topics)
The degree of importance in “Resources and energy” and “Transportation” is high for electric cars
that use fuel cells as the source of power, but low for electric cars that run on solar cells or secondary
batteries. The forecasted realization times are generally the same at between 2014 and 2018.
Table 2.3-11   Topics with a recognized difference in degree of importance (electric cars)
Field Topic Importanceindex
Forecasted
realization time
Resources 53:Widespread use of fuel cells as a highly efficient, environmentally safe,and portable power source (e.g. for electric vehicles). 88 2015
Resources 66:Widespread use of electric vehicles with driving performancecomparable to that of gasoline motorcars. 77 2018
Resources 67:Widespread use of electric vehicles powered by solar cells andsecondary batteries. 54 2018
Environment
34:Widespread use up to at least 20% throughout the world of low-
polluting vehicles that do not cause air or noise pollution for urban
transportation (e.g., electric vehicles).
81 2018
Transportation 26:Widespread use of electric cars equipped with fuel cells. 83 2014
3.4. Examples of topics with a recognized difference in forecasted realization time and degree of
importance
i) Marine cities (similar topics)
While there is a difference in whether the functions of marine cities are limited to “bases for
transportation, communication, research, production and recreational activities” or not, experts in
“Urbanization and construction” expect realization to be eight years later than their counterparts in
“Marine science and earth science”. The former also view the topics as less important than do the latter.
Table 2.3-12   topics with a recognized difference in forecasted realization time and degree of importance
 (marine cities)
Field Topic Importanceindex
Forecasted
realization time
Marine & earth
28:Practical use of ocean cities (bases for transportation, communication,
research, production and recreational activities)  mainly of the legged or
floating structures.
57 2015
Urbanization 56:Realization of marine cities by progress in offshore engineering. 35 2023
ii) Space photovoltaic generation (similar topics)
These are similar topics common to “Space” and “Resources and energy”. While experts in the space
field forecasted the practical use of space photovoltaic power generation in 2023, experts in the resources
and energy field forecast the development of space photovoltaic power generating systems eight years
later in 2031. Degree of importance is rated lower by experts in “Resources and energy” than by experts in
“Space”.
Table 2.3-13   topics with a recognized difference in forecasted realization time and degree of importance
 (Space photovoltaic generation)
Field Topic Importanceindex
Forecasted
realization time
Space
31:Transmission of electric power to earth by microwave or laser from
photovoltaic power generation plants with massive solar-cell arrays
constructed in space.
73 2023
Resources 33:Development of space solar power generating system. 50 2031or later
76
4. Comparison with forecasted realization time and degree of importance results in the 6th
survey
Arranging the 1,065 topics in this survey relative to the topics of the previous survey reveals the
following.
i)  Topics that have remained unchanged from the previous survey — 346 topics (unchanged topics)
ii) Topics for which a higher target value has been set or the technological stage has become more
advanced (elucidation - development - practical use - widespread use) — 348 topics (revised topics)
iii) New topics — 371 topics (new topics)
Here we compare the forecasted realization time and degree of importance for unchanged topics
between the last and the current survey.
4.1. Trends by field
We divided the unchanged topics into their fields, and calculated the average forecasted realization
time and importance index. The table below shows the comparison between this and the sixth survey. For
this comparison, we excluded topics with a forecasted realization time of 2031 or later (2026 or later for
the previous survey).
Table 2.4.1   Comparison with the 6th survey (identical topics)
Importance index Forecasted realization time Difference
Field Number oftopics 7th survey 6th survey 7th survey 6th survey
Importance
index
Realization
time
Information 37 60.2 59.9 2013.9 2010.6 0.4 3.4
Electronics 19 65.8 68.2 2017.8 2015.8 -2.4 2.0
Life science 34 70.3 66.8 2019.9 2017.4 3.4 2.5
Health 47 59.0 62.8 2017.8 2014.6 -3.7 3.2
Agriculture 16 57.3 57.6 2015.2 2011.2 -0.4 4.0
Marine & earth 37 61.5 65.2 2015.7 2012.2 -3.7 3.5
Space 21 53.8 55.8 2016.6 2013.4 -2.0 3.2
Resources 37 59.1 60.0 2019.5 2017.1 -0.8 2.4
Environment 16 60.0 66.0 2015.6 2012.0 -6.1 3.6
Materials 25 60.7 60.3 2016.2 2012.5 0.4 3.7
Manufacturing 7 62.8 66.1 2016.7 2013.5 -3.3 3.1
Urbanization 34 57.4 59.3 2016.7 2012.7 -1.9 4.1
Transportation 13 52.2 57.9 2016.9 2011.7 -5.7 5.3
Total 343 60.4 62.0 2017.0 2013.7 -1.6 3.3
Note: The reason there are 343 unchanged topics is that three of the topics had a forecasted realization time of 2031 or later
(2026 or later for the sixth survey) and have therefore been excluded.
Overall, the importance index has dropped by 1.6 points, and the realization time is later by 3.3 years.
Considering the four-year gap between surveys, forecasted realization times have been pushed back by
roughly the same margin, indicating little perceived advances over these four years. By field, unchanged
topics in “Transportation” are later in realization time by the greatest degree. Topics in “Environment” and
“Transportation” are about six points lower in the importance index.
77
4.2. Topics with earlier/later forecasted realization times
Of the 343 topics, 138 have roughly the same (within three years) forecasted realization time, 203
topics are least three years later, and two are at least three years earlier. The table below shows the five
topics that are later by the largest margin. Of these, two are in “Marine science and earth science”.
Table 2.4-2   Topics later by the largest margin in forecasted realization time
Importance index /
 Forecasted realization timeField Topic
7th survey 6th survey
Marine & earth 42:Practical use of super-conducting gravity meters with the capability todetect the movement of material deep inside the earth.
47
2022
44
2012
Urbanization
04:Practical use in Japan of a mid-term (5 - 10 years in advance) prediction
technique for large-scale (Magnitude 8 or larger) earthquakes based on
analyses of the crustal strain distribution and past earthquake records.
88
2026
87
2017
Marine & earth
50:Widespread use of a system that injects water forcedly into high-
temperature subterranean locations to extract thermal energy in the form of
steam.
60
2020
65
2011
Transportation
47:Development of a passenger transport that cruises at Mach 3 - 4 (1.5 - 2
times as fast as the Concorde) with a maximum of 300 passengers on board
(3 times as many as the Concorde), and is capable of crossing the Pacific
Ocean in 3 - 4 hours.
46
2024
57
2016
Health 88:Development of hybrid-type artificial intelligence that combines ICs andliving cells.
52
2027
55
2019
The two topics whose forecasted realization times are at least three years earlier are shown below.
Table 2.4-3   Topics earlier in forecasted realization time
Importance index /
 Forecasted realization timeField Topic
7th survey 6th survey
Resources 71:Widespread use of solid polymer electrolyte fuel cells for cogeneration inhouseholds.
73
2017
51
2021
Life science 06:Establishment of technologies to decipher the DNA modification(methylization) information for the entire human genome.
57
2011
54
2014
4.3 Topics with a significant change in degree of importance
Of the 343 topics, 313 have generally the same importance index (difference of ± 10 points), 22
topics have a lower index by at least 10 points, and eight have a higher index by at least 10 points. The
table below shows the five topics with the largest drop in importance index. Two are in “Environment”,
and it should also be noted that the degree of importance of topics connected with the environment, such
as the automatic sorting of urban waste, has dropped.
Table 2.4-4   Topics with a considerably lower importance index
Importance index /
 Forecasted realization timeField Topic
7th survey 6th survey
Environment 28:Widespread use of waste-firing power generation systems that use refusederived fuel (RDF).
56
2012
82
2006
Manufacturing 32:Widespread use of quick assembly and disassembly techniques which donot use bolt and nut joints.
52
2016
71
2010
78
Importance index /
 Forecasted realization timeField Topic
7th survey 6th survey
Urbanization
29:Widespread use in Japan of technological systems for automatic separation
of combustibles, metal, glass, and other substances from city garbage and
other general wastes in terms of hardness, specific gravity, moisture, and
color, etc.
62
2014
79
2009
Electronics
54:Development of non-invasive, CT-type devices capable of recognizing, in
real time, excited cerebro-neural states with a resolution on the order of 1
mm.
62
2017
77
2012
Environment 11:Elucidation of the mechanism of the impact of acid rain on animals andplants.
60
2013
76
2009
The following are examples of topics with a higher degree of importance index in this survey than in
the last.
Table 2.4-5   Topics with a considerably higher importance index
Importance index /
 Forecasted realization timeField Topic
7th survey 6th survey
Resources 71:Widespread use of solid polymer electrolyte fuel cells for cogeneration inhouseholds.
73
2017
51
2021
Resources 28:Practical use of methane hydrate mining technology. 832022
69
2019
Marine & earth 57:Realization of time-series observation of the condition of magma insidevolcanoes.
88
2019
75
2015
Life science 28:Development of technologies, such as biomotors, using the biologicalenergy conversion mechanisms.
73
2017
59
2016
Health 07:Elucidation of the pathogenesis of autism. 562016
43
2017
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5. Assessment and analysis of the results of the first, second and third surveys
5.1 Purpose
The significance of technology forecasts is that, through assessment and analysis of realization time
and importance of various technologies, they give an indication of the direction and objectives of research
and development, and this in turn provides basic data for the promotion and development of science and
technology. To make the technology forecast survey more effective, we have to incorporate certain
assessments and analyses from past surveys into the examinations of current and future surveys. All
technology forecast surveys have focused on the period from the present to 30 years in the future. Already
more than 20 years have passed since the first (1971), second (1976) and third (1981) surveys were carried
out, so it is now possible to assess whether the topics forecasted in those three surveys have been realized
or not. An assessment of the results of the first and second surveys was carried out during the sixth survey,
but it is now four years later and we believe it is important to reassess those results in the light of
developments that have taken place since then.
5.2 Assessment method
We distributed all topics from the first, second and third surveys to the different subcommittees
according to topic content, and asked them to determine the state of realization for each. The
subcommittees examined their allocated topics, and divided them into one of the following three
realization classifications.
Realized: Realized by 2000
Partially realized: A part of the topic had been realized by 2000
Unrealized: Neither of the above
Based on this, the subcommittees then calculated the following for analysis.
Realization rate: Percentage of “realized” topics to the total number of topics
Partial realization rate: Percentage of “partially realized” topics to the total number of topics
Unrealized rate: Percentage of “unrealized” topics to the total number of topics
“Partially realized” is defined as follows.
- Cases where a single topic forecasts two or more aspects, and while one or more aspects have -
been realized, there remains at least one aspect that has not been realized.
- Cases where an expression (including adjectives describing performance) in the topic is not
quantitatively defined, and its realization is open to interpretation.
- Cases where a part of the requirement described in the topic has been realized.
In this assessment and analysis we looked at assessable topics whose forecasted realization time was
2000 (the year of the assessment) or earlier, and topics whose forecasted realization time was 2000 or later
but which had already been realized (including partially realized topics).
Topics in the first and second surveys that were assessed as “realized” in the sixth survey are included
in this analysis without change. Topics that were reassessed in this survey were first and second survey
topics that were assessed as “partially realized” or “unrealized” at the previous assessment (1996). Topics
newly assessed in this survey were: i) topics in the first and second surveys with a forecasted realization
time of 1997 or later, and that were assessed as “unrealized” at the previous assessment; and ii) all topics
in the third survey.
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Table 2.5-1   Number of topics by field (First survey (1971))
Field Set topics Assessed topics
Social development 136 133
Information 111 108
Health and medical care 103 90
Food and agriculture 100 100
Industry and resources 194 185
Total 644 616
Table 2.5-2   Number of topics by field (Second survey (1976))
Field Set topics Assessed topics
Food resources 70 70
Forest resources 14 13
Mineral resources 24 23
Water resources 9 9
Energy 33 26
Environment 48 48
Safety 22 19
Family life 33 33
Leisure 11 10
Education 25 25
Health and medical care 58 48
Labor 10 10
Transportation 27 26
Information 60 57
Construction 29 25
Industrial production 59 57
Space development 32 26
Marine development 35 32
Life science 27 26
Software science 30 30
Total 656 613
Table 2.5-3   Number of topics by field (Third survey (1981))
Field Set topics Assessed topics
Energy and resources 102 74
Agriculture, forestry and fisheries 67 53
Life and education 42 40
Environment and safety 74 70
Health and medical care 71 55
Life science 42 36
Urbanization and construction 69 62
Transportation 47 36
Communications, Information and electronics 85 83
Space 40 24
Marine science 40 37
Materials and devices 60 56
Production and labor 61 53
Total 800 679
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5.3. Analysis of realization rate
5.3.1. First survey (1971)
Of the assessed topics in the first survey, 185 are “realized,” 222 “partially realized” and 209
“unrealized”, resulting in a combined realization and partial realization rate of 66%.
By field, “industry and resources” and “information” have high realization rates, while “social
development” has a low realization rate. The combined realization and partial realization rate is highest in
“food and agriculture” and “health and medical care” with 78%, and lowest in “social development”.
Table 2.5-4   Realization rate of assessed topics in the first survey
Field Assessed topics Realized
Partially
realized Unrealized
Realization rate
including partially
realized topics
(%)
Improvement of clothing standards 22 6 9 7 68%
Improvement of housing standards 19 4 5 10 47%
Leisure 20 6 6 8 60%
National land and urban development 17 0 11 6 65%
Improvement of traffic and transportation 20 2 3 15 25%
Prevention of pollution 20 3 11 6 70%
So
ci
al
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ev
el
op
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en
t
Improving education 15 3 8 4 73%
Subtotal 133 24 53 56 58%
Socioeconomic demands 41 9 21 11 73%
Information technology 49 20 11 18 63%
In
fo
r-
m
at
io
n
Basic technology 18 10 2 6 67%
Subtotal 108 39 34 35 68%
Progress of medical diagnosis and treatment 43 12 18 13 70%
Development of preventive medicine 9 1 4 4 56%
Development of the medical care system 12 5 7 0 100%
Elucidation of life phenomena 9 1 8 0 100%
Humans and the environment 10 1 8 1 90%
Medical education 6 2 2 2 67%
H
ea
lth
 a
nd
 m
ed
ic
al
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ar
e
Others 1 1 0 0 100%
Subtotal 90 23 47 20 78%
Development of food material 31 11 10 10 68%
Systems development 33 9 21 3 91%
Development of control methods 21 6 12 3 86%
Fo
od
 
an
d
ag
ric
ul
tu
re
Machinery development 15 4 5 6 60%
Subtotal 100 30 48 22 78%
Space development 27 14 2 11 59%
Marine development 28 8 9 11 61%
Energy development 28 6 2 20 29%
Resources development 27 5 7 15 44%
Increasing mining production 38 17 9 12 68%In
du
st
ry
 a
nd
re
so
ur
ce
s
Material development 37 19 11 7 81%
Subtotal 185 69 40 76 59%
Total 616 185 222 209 66%
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Figure 2.5-1   Realization rate of assessed topics in the first survey
5.3.2. Second survey (1976)
Of the assessed topics in the second survey, 151 are “realized,” 244 “partially realized” and 218
“unrealized”, resulting in a combined realization and partial realization rate of 64%. Fields with a high
realization rate are “industrial production”, “information”, “space development”, and “labor”, while those
with a low realization rate are “software science”, “forest resources”, “transportation”, and “environment”.
The combined realization and partial realization rate is high in “industrial production”, “labor”, and
“construction”, and low in “transportation”, “energy”, and “software science”.
Table 2.5-5   Realization rate of assessed topics in the second survey
Field Assessedtopics Realized
Partially
realized Unrealized
Realization rate
including partially
realized topics
(%)
Food resources 70 19 34 17 76%
Forest resources 13 1 8 4 69%
Mineral resources 23 3 8 12 48%
Water resources 9 2 2 5 44%
Energy 26 6 2 18 31%
Environment 48 5 28 15 69%
Safety 19 5 10 4 79%
Family life 33 9 12 12 64%
Leisure 10 3 2 5 50%
Education 25 3 12 10 60%
Health and medical care 48 10 25 13 73%
Labor 10 4 4 2 80%
Transportation 26 2 6 18 31%
Information 57 25 13 19 67%
Construction 25 4 16 5 80%
Industrial production 57 26 21 10 82%
Space development 26 11 6 9 65%
Marine development 32 7 14 11 66%
Life science 26 5 12 9 65%
Software science 30 1 9 20 33%
Total 613 151 244 218 64%
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Figure 2.5-2   Realization rate of assessed topics in the second survey
5.3.3.Third survey (1981)
Of the assessed topics in the third survey, 135 are “realized,” 348 “partially realized” and 196
“unrealized”, resulting in a combined realization and partial realization rate of 71%. The realization rate is
prominently high in the two fields of “space” with 54% and “communications, information and
electronics” with 37%. The combined realization and partial realization rate is high in “life science”,
“urbanization and construction”, and “health and medical care”, and low in “transportation”, “materials
and devices”, and “energy and resources”.
The combined realization and partial realization rates from the first to the third surveys are therefore
66%, 64% and 71% respectively, indicating that about two-thirds of the surveyed topics were accurately
forecasted. The realization rates in the third survey were higher than in the first and second surveys in
almost all fields.
By field, the combined realization and partial realization rates are high for all three surveys in the
direct life-related fields of agriculture, forestry and fisheries, health and medical care, and safety, and
manufacturing-related fields of material development and production. The realization rate in its strict
sense without including partial realization is high in the information and space fields across all three
surveys.
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Table 2.5-6   Realization rate of assessed topics in the third survey
Field Assessedtopics Realized
Partially
realized Unrealized
Realization rate
including partially
realized topics
Energy and resources 74 8 30 36 51%
Agriculture, forestry and fisheries 53 7 34 12 77%
Life and education 40 4 24 12 70%
Environment and safety 70 11 45 14 80%
Health and medical care 55 9 39 7 87%
Life science 36 5 27 4 89%
Urbanization and construction 62 15 40 7 89%
Transportation 36 4 10 22 39%
Communications, Information and
electronics 83 31 30 22 73%
Space 24 13 6 5 79%
Marine science 37 8 22 7 81%
Materials and devices 56 6 21 29 48%
Production and labor 53 14 20 19 64%
Total 679 135 348 196 71%
Figure 2.5-3   Realization rate of assessed topics in the third survey
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5.4. Relationship between degree of importance and realization rate
While no trend is immediately apparent in the realization rate between topics with a high degree and
those with a low degree of importance, there is a slight difference in the partial realization rates, with the
more important topics tending to show a higher rate.
Table 2.5-7   Degree of importance and realization rate
First survey (1971)
Important index Number of topics Realization rate Partiallyrealization rate
Realization rate including
partially realized topics
90  – 99 28% 55% 83%
80  –  90 117 29% 34% 63%
70  –  80 43 12% 49% 60%
60  –  70 96 34% 35% 70%
50  –  60 169 33% 31% 64%
40  –  50 50 36% 24% 60%
–  40 42 26% 19% 45%
Total 616 30% 36% 66%
Second survey (1976)
Important index Number of topics Realization rate Partiallyrealization rate
Realization rate including
partially realized topics
90  – 63 27% 46% 73%
80  –  90 96 22% 47% 69%
70  –  80 78 28% 41% 69%
60  –  70 121 28% 42% 70%
50  –  60 134 21% 37% 57%
40  –  50 71 21% 34% 55%
–  40 50 28% 28% 56%
Total 613 25% 40% 64%
Third survey (1981)
Important index Number of topics Realization rate Partiallyrealization rate
Realization rate including
partially realized topics
90  – 51 24% 57% 80%
80  –  90 109 23% 55% 78%
70  –  80 116 18% 52% 70%
60  –  70 148 20% 49% 69%
50  –  60 157 19% 54% 73%
40  –  50 69 14% 43% 58%
–  40 29 24% 45% 69%
Total 679 20% 51% 71%
5.5. Forecasted realization time and realization rate
Here we classified the topics by forecasted realization time, and calculated the realization rate for
each time classification. In the first, second and third surveys, the earlier the topic forecasted realization
time, the higher the realization rate and the combined realization and partial realization rates.
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Table 2.5-8   Forecasted realization time and realization rate
First survey (1971)
Forecasted
realization time Number of topics Realization rate
Partially
realization rate
Realization rate including
partially realized topics
 – 1980 29 55% 34% 90%
1981 － 1985 212 41% 39% 79%
1986 – 1990 244 26% 40% 66%
1991 – 1995 75 16% 25% 41%
1996 – 2000 47 13% 15% 28%
2001 – 9 22% 78% 100%
Total 616 30% 36% 66%
Second survey (1976)
Forecasted
realization time Number of topics Realization rate
Partially
realization rate
Realization rate including
partially realized topics
– 1985 15 47% 40% 87%
1986 – 1990 217 36% 42% 78%
1991 – 1995 239 21% 41% 62%
1996 – 2000 130 12% 28% 40%
2001 – 2005 11 9% 91% 100%
2006 – 1 0% 100% 100%
Total 613 25% 40% 64%
Third survey (1981)
Forecasted
realization time Number of topics Realization rate
Partially
realization rate
Realization rate including
partially realized topics
– 1990 37 54% 41% 95%
1991 – 1995 282 25% 49% 74%
1996 – 2000 290 13% 45% 58%
2001 – 2005 53 6% 94% 100%
2006 – 2010 16 19% 81% 100%
2011 – 1 0% 100% 100%
Total 679 20% 51% 71%
Note: We included only those topics with a forecasted realization time of 2001 or later that are
assessed as being “realized” or “partially realized”, so the realization rate for these topics is
100%.
5.6. Unrealized topics
The range of reasons that topics have not been realized is indeed broad, and it is by no means a
simple task to narrow this range down to a representative few, but the subcommittees have agreed upon
the five general reasons of i) technological problems (shortened to “technological” in the table), ii) social
problems (social), iii) insufficient need (needs), iv) cost problems (cost), and v) emergence of alternative
technologies (alternative). Table 2.5-9 shows the aggregate totals. In cases where more than one reason
was listed for a topic, a proportionate value for the reason has been calculated (e.g. if technological
problems and social problems were listed for a topic, the two reasons would each record a value of 0.5 of a
topic). However, very few topics listed multiple reasons — only nine of 209 in the first survey, five of 218
in the second survey, and six of 196 in the third survey.
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Technological problems are by far the main factor in why topics have not been realized, followed by
cost problems, social problems, and insufficient need at roughly the same level. This pattern is common to
the first, second and third surveys. In the first survey, social problems and insufficient need were important
reasons, but over the next two surveys they declined as the reasons steadily narrowed down to
technological problems and cost problems.
Table 2.5-9   Reasons why topics have not been realized
First survey (1971)
Field
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Improvement of clothing standards 7 29% 14% 57% 0% 0% 0%
Improvement of housing standards 10 40% 20% 20% 20% 0% 0%
Leisure 8 50% 0% 38% 13% 0% 0%
National land and urban development 6 33% 50% 17% 0% 0% 0%
Improvement of traffic and transportation 15 51% 12% 21% 16% 0% 0%
Prevention of pollution 6 100% 0% 0% 0% 0% 0%
So
ci
al
 d
ev
el
op
m
en
t
Improving education 4 50% 0% 25% 25% 0% 0%
Subtotal 56 49% 14% 25% 11% 0%
Socioeconomic demands 11 45% 45% 0% 9% 0% 0%
Information technology 18 78% 6% 6% 0% 11% 0%
In
fo
r-
m
at
io
n
Basic technology 6 33% 0% 17% 0% 50% 0%
Subtotal 35 60% 17% 6% 3% 14%
Progress of medical diagnosis and treatment 13 100% 0% 0% 0% 0% 0%
Development of preventive medicine 4 50% 50% 0% 0% 0% 0%
Development of the medical care system 1 0% 100% 0% 0% 0% 0%
Elucidation of life phenomena 2 0% 50% 50% 0% 0% 0%
Humans and the environment 20 75% 20% 5% 0% 0% 0%
Medical education 10 50% 0% 30% 10% 10% 0%
H
ea
lth
 a
nd
 m
ed
ic
al
 c
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Others 3 44% 11% 33% 11% 0% 0%
Subtotal 3 67% 0% 33% 0% 0%
Development of food material 6 17% 17% 33% 17% 17% 0%
Systems development 22 42% 6% 32% 11% 9% 0%
Development of control methods 11 27% 18% 9% 36% 0% 9%
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Machinery development 11 21% 3% 27% 48% 0% 0%
Subtotal 20 45% 15% 35% 5% 0%
Space development 15 40% 13% 0% 47% 0% 0%
Marine development 12 58% 4% 25% 13% 0% 0%
Energy development 7 100% 0% 0% 0% 0% 0%
Resources development 76 45% 10% 18% 25% 0% 1%
Increasing mining production 209 51% 13% 18% 14% 3% 0%In
du
st
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s
Material development 7 29% 14% 57% 0% 0% 0%
Subtotal 10 40% 20% 20% 20% 0%
Total 8 50% 0% 38% 13% 0%
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Second survey (1976)
Field
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Food resources 17 38% 9% 26% 21% 6% 0%
Forest resources 4 50% 0% 25% 25% 0% 0%
Mineral resources 12 46% 0% 25% 29% 0% 0%
Water resources 5 40% 40% 20% 0% 0% 0%
Energy 18 33% 22% 6% 39% 0% 0%
Environment 15 60% 20% 0% 20% 0% 0%
Safety 4 75% 25% 0% 0% 0% 0%
Family life 12 42% 8% 33% 8% 8% 0%
Leisure 5 40% 0% 60% 0% 0% 0%
Education 10 65% 20% 15% 0% 0% 0%
Health and medical care 13 85% 15% 0% 0% 0% 0%
Labor 2 50% 50% 0% 0% 0% 0%
Transportation 18 42% 8% 11% 39% 0% 0%
Information 19 47% 21% 11% 5% 16% 0%
Construction 5 60% 40% 0% 0% 0% 0%
Industrial production 10 90% 0% 0% 10% 0% 0%
Space development 9 44% 22% 11% 22% 0% 0%
Marine development 11 55% 0% 9% 36% 0% 0%
Life science 9 78% 22% 0% 0% 0% 0%
Software science 20 75% 20% 5% 0% 0% 0%
Total 218 55% 15% 12% 16% 2% 0%
Third survey (1981)
Field
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Energy and resources 36 43% 3% 14% 38% 3% 0%
Agriculture, forestry and fisheries 12 42% 8% 33% 17% 0% 0%
Life and education 12 33% 17% 25% 17% 8% 0%
Environment and safety 14 86% 7% 0% 7% 0% 0%
Health and medical care 7 86% 0% 14% 0% 0% 0%
Life science 4 75% 25% 0% 0% 0% 0%
Urbanization and construction 7 14% 50% 29% 7% 0% 0%
Transportation 22 52% 11% 11% 25% 0% 0%
Communications, Information and
electronics 22 77% 0% 9% 9% 5% 0%
Space 5 80% 0% 20% 0% 0% 0%
Marine science 7 48% 19% 5% 29% 0% 0%
Materials and devices 29 90% 0% 0% 3% 7% 0%
Production and labor 19 47% 0% 16% 26% 0% 11%
Total 196 60% 7% 12% 18% 3% 1%
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Below we examine the “energy” and “transportation” fields, where the realization rate is particularly
low.
Energy
In both the first and second surveys, the realization rate for energy was low at around 30%. Many
topics dealt with the development of new energy resources such as nuclear fusion power generation, and
the use of nuclear energy for heat and power. Most are unrealized; the former because of technological
problems, the latter because of social problems.
The realization rate rose in the third survey, mainly because the forecasted realization time for
nuclear power technology and superconducting technology could be put back further than in the previous
surveys to 2001 or later, so they have been excluded.
Technological problems account for an average across all fields of 50–60% of the reasons the topics
are unrealized, but needs and costs are also important reasons. The cost factor is especially high in the
second and third surveys.
ReasonsNumber
of topics
Realization rate
including partially
realized topics Technological Social Needs Cost Alternative
First survey (1971) 28 29% 45% 15% 35% 5% 0%
Second survey (1976) 26 31% 33% 22% 6% 39% 0%
Third survey (1981) 38 53% 39% 6% 17% 33% 6%
Transportation
Transportation had the lowest realization rate of all fields in the first and second surveys with 25%
and 31% respectively.
“Technological problems” is the main reason for about half of all topics. In the first survey, the
second highest topic was insufficient need, but in the second and third surveys, it was cost problems. The
cost problems reason was particularly high in the second survey, almost reaching the same level as the top
ranking technological problems. By topic content, for topics relating to automation or unattended service
and to safety, the reason in almost all cases is technological problems, while for other topics, technological
problems, cost problems, and insufficient need were all at about the same level.
ReasonsNumber
of topics
Realization rate
including partially
realized topics Technological Social Needs Cost Alternative
First survey (1971) 20 25% 51% 12% 21% 16% 0%
Second survey (1976) 26 31% 42% 8% 11% 39% 0%
Third survey (1981) 36 39% 52% 11% 11% 25% 0%
The table below shows the average figures for reasons in the major fields over the three surveys. The
realization rates (including partial realization) are low in the three fields of transportation, energy, and
mining and water resources; realization rates (excluding partial realization) are high in space, and
communications, information and electronics; and realization rates (including partial realization) are high
in life science, urbanization and construction, and health and medical care.
“Technological problems” is the main reason topics are unrealized in fields other than urbanization
and construction. While there is a three-fold gap in unrealized rates, the unrealized rate due to
technological problems is around 20%. In fields with a low realization rate, cost problems and
technological problems are identified as the major reasons.
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Table 2.5-10   Reasons why topics have not been realized (average over three surveys)
Reasons
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Transportation 68% 33% 7% 10% 18% 0% 0%
Energy 63% 24% 9% 12% 16% 1% 0%
Resources 53% 23% 4% 6% 19% 0% 0%
Space 32% 16% 4% 4% 6% 0% 1%
Communications, information
and electronics 31% 19% 4% 3% 2% 4% 0%
Life science 23% 17% 5% 0% 0% 0% 0%
Urbanization and construction 22% 8% 10% 3% 1% 0% 0%
Health and medical care 21% 17% 2% 1% 0% 0% 0%
5.7. Topics realized early
The following are the topics in the first three surveys that have clearly been realized earlier than
forecasted; i.e. topics that had been realized at the time of this assessment (2000) and last assessment
(1996), but had been forecasted to be realized later than the assessment times.
Table 2.5-11   Topics those have been realized earlier than forecasted
First survey (1971)
Topic Importanceindex
Forecasted
realization time Assessed year
<Information 47>  Development of technology that can detect smells
and tastes (kind, concentration, etc.) 47 1997 1996
<Health and medical care 80>  Elucidation of the mechanism by
which tissue antigens can be synthesized based on genetic type 55 1997 1996
<Food and agriculture 03> Realization of useful animals and plants
(excluding microorganisms) through cell fusion or cell nucleus
fusion.
50 1997 1996
<Health and medical care 35> Possibility of external fertilization,
ectogenesis, or artificial womb. 30
2001
 or later 1996
<Health and medical care 16> Widespread use of heart transplant
from human being  by resolving problems such as transplant
immunity, rejection and donor.
39 2001or later 2000
Second survey (1976)
Topic Importanceindex
Forecasted
realization time Assessed year
<Food resources 02> Practical use of biomolecular methods for
improving the shape and quality of useful plants (excluding
microorganisms)
57 1998 1996
<Information 53> Possibility to a certain degree of working at home
through the use of TV-telephones, telefaxes, etc. 31 1998 1996
<Information 30> Development of technologies that translate foreign
documents (English) 62 1999 1996
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Topic Importanceindex
Forecasted
realization time Assessed year
<Space development 09> Acquisition of observation data from
unmanned probes around Uranus, Neptune, Pluto and outside the
solar system.
32 1999 1996
<Mineral resources 16> Development of optical communication
technology that can realize substantial savings in the use of copper
and aluminum.
60 1999 1996
<Forest resources 01> Development of improved major tree varieties
that display excellent disease-, insect- and weather-resistant
characteristics.
72 2000 1996
<Energy 15> Development of high-temperature rock power-
generating systems in which heat energy is drawn out artificially
from high-temperature rock base for power generation
53 2000 1996
<Food resources 03> Development of useful animals and plants
(excluding microorganisms) through cell fusion or cell nucleus
fusion.
49 2001 1996
Third survey (1981)
Topic Importanceindex
Forecasted
realization time Assessed year
<Urbanization and construction 38> Increase in residential population
of city centers based on development of comfortable, high-density
housing technology (enabling low-and medium- size high density
housing).
51 2001 2000
<Urbanization and construction 68> Introduction of regulations for
mixed-and vertical-use zoning based on advances in technology for
sophisticated use of space
50 2003 2000
<Space 09> Launch of unmanned probes of  Uranus, Neptune and
Pluto. 32 2004 2000
<Transportation 10> Practical use of rapid-transit railway using iron
rail and iron wheel, which can run at 300 km/h. (TGV attained a
maximum speed of 380 km/h.)
39 2006 2000
<Health and medical care 66> Development of artificial ear. 69 2007 2000
<Urbanization and construction 67> widespread use of composite
urban structures which combines work place and residence. 34 2008 2000
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<<Reference II>>
Supplementary survey concerning responses on information-related technologies
Many experts who chose information-related technologies as a priority field believe information
technologies will be less important in ten years, and other technological fields will take on greater priority.
Information technology is seen as the driving force for socioeconomic development in Japan, Europe and
USA, and a broad range of measures have been adopted to promote this. We therefore need to analyze the
judgements made by the experts that led to the current survey results. The questionnaire results alone do
not reveal the kinds of considerations and priority judgements the experts went through to reach their
decisions on priority fields. In this light, we conducted a supplementary survey (May 2001) on
information-related technologies, which saw a particularly prominent change.
1. Survey method
From among the respondents who responded to the question on Japan’s priority science and
technology fields in the second questionnaire in this survey, we chose all respondents in the information
experts’ group, and 30 respondents randomly from each of the technology forecast fields corresponding to
the other five expert groups. This way, there was a roughly equal number of respondents from the
information-related group and from the other groups combined. Supplementary questionnaires were sent
to these respondents. The questionnaires contained each respondent’s response to the priority field
question (next ten years and after 2010, up to three fields for each).
Table 1 gives a breakdown of the respondents in the supplementary survey. Questionnaires were sent
to 805 respondents — 385 from the information experts’ group, and 420 from the other expert groups.
Table-1   Respondents in the supplementary survey
Respondents: 805
Occupation Age
Company employee 348 20’s 3
University-related 316 30’s 72
Public servant 62 40’s 299
Other non-company employee 59 50’s 337
Others 19 60’s 80
N.A. 2 70’s or above 12
N.A. 2
Responses
(Coming 10 years — After 2010)
Information experts
(field: Information and
communications, Electronics)
Other experts
 (30 persons x 14 fields)
Total 385 420
Information — Information 200 109
Other field — Information 4 13
Information — Other field 16 219
Other field — Other field 20 79
2. Questions
We asked respondents who chose information technology as the priority science and technology field
after 2010 to answer question 1, and respondents who did not to answer question 2 regarding the reason
for their respective choices. We also asked them to give their reasons in their own words. The questions
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and reasons are shown below; respondents were asked to indicate up to three reasons in order of
importance.
Q1: (Only respondents who chose information technology as the priority science and technology field
after 2010)
Why did you choose information-related technology as a priority field ten years from now? From the
following, please mark in order of importance the three reasons that most closely reflect your opinion.
Reasons for choosing information technology
1. There is still ample scope for great technological progress in the overall information technology field,
and it will continue to make steady advances ten years from now, so I believe Japan should push ahead
with research and development here as a priority field.
2. The fundamentals of information technology centering on current semiconductor and computer
technologies will probably mature over the next ten years, but I believe the application side will
continue developing, so it will still be a priority field in ten years time.
3. Current semiconductor and computer technologies will reach their maturity, but new technologies to
support the next-generation information technology are being nurtured, and I believe they will enter
their developmental phase in ten years time.
4. Information technology exerts a major economic impact, and is critical as an element of the
infrastructure. Even in ten years time, its position as a driving force for economic growth and social
development will still be solid, and I believe Japan should push ahead with its research and
development.
5. Not only will information technology grow even more important in areas of data processing, control
and communication, I believe it will expand as a technological domain to cover human senses and
creative activities, so in this sense, it will continue to develop even ten years from now, and is
therefore a priority field.
6. Information technology is a field in which Japan can become dominant, and I believe Japan should
proceed with strategic research and development.
7. Other reasons (describe specific reason).
The following abbreviated versions will be used for the seven options listed above:
1 → “Scope for great technological progress”
2 → “Application side to continue developing”
3 → “Next-generation information technology”
4 → “Driving force for socioeconomic development”
5 → “Expand as a technological domain”
6 → “Dominant field and strategic R&D”
7 → “Others”
Q2: (Only respondents who did not choose information technology as the priority science and
technology field after 2010)
Why didn’t you choose information-related technology as a priority field ten years from now? From
the following, please mark in order of importance the three reasons that most closely reflect your opinion.
Reasons for not choosing information technology (for choosing other field)
1. Considering the state of R&D and the speed of technological progress, information technology will
have reached technological maturity ten years from now, so its weight within Japan’s overall R&D
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effort will have fallen.
2. The growth of information technology is strongly underpinned by need, but the social need will soon
reach its saturation point, and this will put the brake on the technology’s growth.
3. Current semiconductor and computer technologies are reaching their maturity, but next-generation
(successor) technologies are not being nurtured. Even in ten years time these technologies will still be
at the basic research stage, so they will not have reached the point where they can be promoted as a
priority field.
4. The information and communications industry has grown remarkably, but it is not clear whether
information technology will make society more efficient. Information technology is currently
overrated by the mass media and society as a whole, but this fervor will subside, and after ten years, it
will no longer be a priority field.
5. Information technology is currently important as a technological domain, but the concept of the
technology will change over the next ten years, and as the technology’s significance as an independent
field fades and it becomes more of a common base technology, it will steadily merge with technologies
in other fields, so it will no longer be positioned as an independent priority field.
6. Japan’s relative competitiveness against Europe and USA has dropped, and it is too difficult to recover
this.
7. Information technology is advancing at such an incredible pace that it is just too difficult to judge
needs and the state of the technology in ten years time. We were given up to three choices, so I chose
other fields that have a much clearer outlook, e.g. a clear social need.
8. Other reasons (describe specific reason).
The following abbreviated versions will be used for the eight options listed above:
1 → “Reached technological maturity”
2 → “Social needs saturation”
3 → “Undeveloped next-generation technologies”
4 → “Overrated and will subside”
5 → “Merge with other fields”
6 → “Drop in international competitiveness”
7 → “Unclear outlook”
8 → “Others”
Q3: Please write down any comments or thoughts you may have about priority fields ten years from
now in the space below.
The supplementary survey asked respondents to answer one question only, apart from their free
comments at Q3.
3. Results
Table 2 shows the response rate. We received 571 responses giving an effective response rate of
70.9% — 255 information experts (“Information and communications” and “Electronics”) and 316 experts
from other fields. Of the respondents, 238 answered Q1, and 333 answered Q2.
Figures 1–6 show the results. They give the percentage of respondents who chose each of the options
as first reason, second reason, and third reason.
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Table-2   State of questionnaire responses
 (1) Reasons that information technology is a priority field after 2010
Figure 1 shows the overall result for Q1. Option 5 “Expand as a technological domain” received the
largest response, followed by option 4 “Driving force for socioeconomic development”, and option 1
“Scope for great technological progress”. These three reasons account for about 60% of all responses. If
we only look at respondents’ first choice, the top three remain at the top — “Expand as a technological
domain” is still number 1, but numbers 2 and 3 are reversed.
Figure-1   Reasons why you think the information technology is the important field after 2010
Figures 2 and 3 compare the responses from information experts and experts in other fields. The top
reason for both is “Expand as a technological domain”, but while information experts chose “Driving
force for socioeconomic development” and “Scope for great technological progress” as second and third,
Sent / Returned
Field
(persons) (%) (persons) (%) (persons) (%) (persons) (%)
385 47.8 420 52.2 255 44.7 316 55.3
Information and communications 207 53.8 142 55.7
Electronics 178 46.2 113 44.3
Responses to the question
about important fields
(coming 10 years - after 2010) (%) (%) (%) (%)
Information - Information 200 51.9 109 26.0 140 54.9 86 27.2
Other field - Information 4 1.0 13 3.1 2 0.8 10 3.2
Information - Other field 161 41.8 219 52.1 101 39.6 163 51.6
Other field - Other field 20 5.2 79 18.8 12 4.7 57 18.0
326 40.5 479 59.5 238 41.7 333 58.3
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the other experts chose “Application side to continue developing” to go with “Driving force for
socioeconomic development”.
Figure-2   Reasons why you think the information technology is the important field after 2010
 (Information experts)
Figure-3   Reasons why you think the information technology is the important field after 2010
(Other experts)
The following are examples of the reasons given by respondents who chose Option 7 “Others”.
- Fields that have been given extensive priority do not fade away over a period of ten years; rather, they
expand independently.
- Purchasing intentions regarding information technology and its related products, which have already
achieved mass appeal, will not drop, so R&D will continue.
- Support for life and global environment technologies is overrated by society as a whole, and this will
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have subsided in ten years time.
- Information technology is formed on a foundation of human existence, but it is still at a fairly low
level of sophistication, and any deficiencies are covered by human (users) effort. I chose information
technology because the R&D directed toward this human interface technology is currently inadequate,
and has to be propelled forward.
(2) Reasons that information technology is not a priority field after 2010
Figure 4 shows the overall result for Q2. About 80% of experts chose Option 5 “Merge with other
fields”, and about 66% chose option 1 “Reached technological maturity”. In third place was option 7
“Unclear outlook”, although there was a considerable gap between third and the top two. These three
reasons account for about 60% of all responses. The pattern is the same if we look only at respondents’
first choice.
Figure-4   Reasons why you don’t think the information technology is the important field after 2010
Figures 5 and 6 compare the responses from information experts and experts in other fields. The top
three reasons are the same for both groups of experts. A gap between the two could be seen in option 4
“Overrated and will subside”, with this reason attracting about 35% or responses from experts in other
fields.
The following are examples of the reasons given by respondents who chose Option 8 “Others”.
- Information technology will still be important in ten years time. However, then, top priority will be
given to topics that are more important than information technology, e.g. resolving global
environmental problems and social structural issues.
- Private-sector investment is directed mainly toward technologies that are linked to business. Basic
research needs government support, and investment should be based on ten-year cycles. Subsequent
investment should be in injected by the private sector, and the public sector should direct its
investment into other priority fields.
- Information technology is becoming a basic technology for science and social systems, so
fundamentally different policies from those for other science and technology fields are essential; it
should not be treated on the same level as other fields.
- Regardless of Japan’s competitiveness or technological level, the next ten years is critical for R&D, so
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if information technology is still a priority field in ten years time, it’s the same as if Japan had not had
a national technology strategy at all.
- Japan’s R&D strengths are in domains that emphasize “laboratory work” such as chemistry and
materials more so than in those that focus on “ideas” such as information technology. So I believe
Japan should look at developing life and environmental sciences, and emphasize R&D that brings
together and makes effective use of these strengths.
Figure-5   Reasons why you don’t think the information technology is the important field after 2010
 (Information experts)
Figure-6   Reasons why you don’t think the information technology is the important field after 2010
(Other experts)
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4. Considerations
Most experts who believe information technology will be a priority field after 2010 either understand
information technology as a broad concept to include peripheral domains; consider it to be pivotal for
economic growth and social development; or think there is still great scope for technological advancement.
In contrast, most experts who do not believe information technology will be a priority field after 2010
view information technology in a relatively narrow sense (e.g. semiconductors or computers), and while
believing that it will take on an increasingly base-like character and merge with other fields to form new
domains, they no longer consider these new domains to be information technology; or they believe that
technologies revolving around semiconductors and computers will reach maturity in the near future.
The main reason for the division in the experts’ assessments was a difference in their respective ideas
about information technology. As for information technology in the future, even the experts are unable to
reach a consensus on exactly what this field will be.
5. Conclusion
The supplementary survey revealed the following.
i) Many experts believe information technology will take on an increasingly base-like character and that
the new field that emerges at the boundary with other fields will no longer fall within the framework of
information technology. This is the main reason they believe the priority of the information technology
field will fall after 2010.
ii) There is no clear consensus even among the experts on the future concept of this field. A key medium-
term policy issue is to establish a concept of the field of information technology that positions it as the
base of all technologies and incorporates its merger with other fields, and gain an overview of what kind
of new domain will emerge from this.
6. Comments regarding priority fields after 2010
We received many comments from respondents about priority fields in ten years. The following are
some of those comments.
<<Comments by information experts>>
(Chose information technology after 2010)
- With its foundations in semiconductor integrated circuits and an infrastructure unique in the world,
Japan’s information technology is second to none. To discard this and shift priority to new high-risk
fields is strategically hazardous. Information technology that includes software in its general sense and
evolution into technological domains of sense and creativity is formed on a hardware infrastructure
base of semiconductor integrated circuits, so from a comprehensive perspective, Japan must continue
investing in this area commensurate with its position as a technologically advanced nation.
- Information technology is a “base technology/infrastructure” for other technologies, so I believe it will
still be critically important in ten years. Information technology will advance considerably over the
next ten years in terms of speed, and information using these high-speed transmission networks will
become the highest priority field (more human-like information processing, more user-friendly man-
machine interfaces, etc.).
- The questionnaire gives six priority fields, but over the next ten years there will be a steady fusion to
varying degrees among these fields.
- Information technology and information science form the basis for all fields, and without their support,
life science technology and other technologies will not advance. Moreover, as these technologies
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advance, they will create new information technology needs. Even though at this stage we can’t
foresee specifically how the situation will be in ten years, new needs for information technology will
naturally arise as a matter of course. In this sense, a constant preparedness for and a capacity to
respond to these needs will underpin advances in the other technological fields (failure to do so will
severely inhibit these fields’ growth). From this viewpoint as well, it is crucial to set information
technology as a priority field within government policy.
- I agree on the point that in ten years the importance of life science technology and earth science and
environment technology will increase. The relative importance of information technology will
therefore fall, but it is hard to see that it could drop below social infrastructure technology. This is
because as science and technology in any given field progresses, and as that progress accelerates, the
need for information technology as the base technology will be even greater. If in ten years we reach
the point where our need for information technology stagnates and we have come to the limits of our
desire for and reliance on information, could we really imagine that technologies in other scientific
fields will continue to accelerate?
- Many people see information technology in its narrow sense, or in an inflexible way. For example, ten
years ago most people thought of information and communications as two separate things, but these
days they are seen as being a single merged entity under the IT catchword, and its form and scope of
application is taken as being much more extensive. In ten years, I believe information technology
should be discussed in its merged form with social systems. Therefore, the government should give
even greater focus to information technology as a priority field in ten years time. There is a need to
note that the results of the questionnaire will vary depending whether or not respondents believe that,
unlike the cases of the other fields, the definition of information technology is something that changes
dynamically.
- There are two motives for R&D: corporate profit, as in the case of IT; and social needs, as in the case
of national land preservation and disease prevention/treatment. The former advances independently
according to economic principles, while the latter tends to struggle to advance without some form of
government lead or incentive. The government should emphasize the latter (budgets and activities of
national universities and research institutions) without leaning toward the former.
(Chose other than information technology after 2010)
- Even though the need for information technology will increase above current levels, its relative
importance will fall. I believe that perhaps human society will reach the limits of its capacity to
process information (even today, apart from business activities, the general public is being swamped
by an excessive amount of information).
- Material and information technologies are basic technologies that support other technologies, and
unless Japan actively seeks to merge these technologies with other fields, it will be difficult for Japan
to continue being a world leader and taking the initiative in the next generation. The vertical concept
(field and government administration) of “biotechnology is biotechnology and information is
information” is a sure recipe for failure.
- Information is a very fundamental concept, and will therefore be important in all technologies, such as
life science, environment, material, management, and social infrastructure technologies. The need for
information processing, i.e. extracting and analyzing from vast quantities of information those items
that contribute to creativity relating to various technologies or items that seize the essence of that
information, will only increase.
- In an economic sense, as highlighted by debate over the Y2K problem, investment (costs) needed for
maintenance or replacement of systems built in the 1960s and 1970s will continue to rise.
- Advances in networks mean that in the information field software has a much higher relative weight
than hardware, and this will be even more so in ten years time. I believe we will have then formed a
giant industry centering on the private sector in a field that goes beyond the existing idea of the
information and communications field. This will be an independent field, and will have risen above the
bounds of where the government feels it should attach priority.
- Information technology is a business, so in ten years time, I do not believe it will fall within the scope
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of academic or government research. Life science is a field in which new industries will grow. Basic
initiatives in this field will be important to industry from 2010. In conjunction with environment
technology, life science technology will become increasingly vital in food-related issues. Long-term
science and technology policies and strategies will be vital when considering not just industry, but our
general lives as well (especially considering Japan is not self-sufficient in its food supply).
- In the future, information technology will blend with technologies in other fields, such as
bioinformatics, and the significance of distinct domain classification will fade. However, life science
technology and earth science and environment technology will probably become priority fields in ten
years time (this blending with other fields will also take place in these fields as well). The fields will
become inseparable, and will consist of their respective basic technologies and the interface (applied)
technologies positioned in the domains between those basic technologies. And social infrastructure
technology as well will steadily become more closely linked to the environment, medical care, food
and information.
- There are two categories of priority fields: i) fields necessary for humankind, and ii) fields showing
remarkable progress. For example, aged care equipment falls under category i), but does not satisfy ii),
so it tends not to be seen as a priority field. Life science technology inherently satisfies i), but with the
addition of ii) through genome decoding, everyone now regards it as important. We can select fields
from a i) perspective ten years from now, but it is very difficult to make predictions from a ii)
perspective. This therefore explains why the survey obtained the results it did. Information technology
is currently in the spotlight through ii), but ten years into the future is anything but clear, so I did not
give it the top position.
- Assessment of common basic technology fields (e.g. material technology, and, in the future,
information technology) is important.
- The current information technology boom is in response to the demands of globalization, efficiency
and convenience. Over time, it will steadily take root as a tool for us to use. Crucial issues that the
world as a whole will have to address in ten years time will be environmental issues and issues of our
social structure, and resolving the technologies necessary for this will be perceived as more important
than information technology.
- Information technology is a field for the advanced use of existing or the latest information. But in my
field of biotechnology, we carry out extensive technological development aimed at gaining new life-
related knowledge and information. Pivotal to this is finding out how to identify new life functions,
and how to obtain and apply new information. Therefore, even though we utilize the information
technology field in analysis of life itself, priority should be on technologies that focus on life
phenomena.
<<Comments by experts in other fields>>
(Chose information technology after 2010)
- I’d like information technology ten years in the future to be like the air we breathe. It would be
wonderful if we could lead rich lives by using information technology as a natural part of our lives and
without a second thought about it. I’m therefore concerned that pushing economic efficiency or
infrastructure to the fore will delay our truly effective use of information technology. We should be
thinking at the level that the government’s function is to raise the living standards of the people.
- i) Japan will fall behind other developed countries unless it makes the necessary effort to expand the
base or nurture capabilities in areas such as education and human resources development, rather than
merely throwing money at science and technology.
ii) Japan will not be able to maintain its ascendancy unless it strengthens its core competence in areas
such as manufacturing. Japan is at a disadvantage if it tries to compete against Europe and the U.S. in
the same arena. I’m concerned about the low level of support for manufacturing and material in the
survey results.
- The biggest problem with technological development in Japan is the low value placed on base
technologies and the overemphasis on the short-term effect. Those who neglect the basics are doomed
to failure, so hopefully emphasis will also be placed on basic research covering the broad spectrum of
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material, resources and element technologies from now and well into the future.
- While information, life science, and earth science and the environment are important fields, material
technology as a base to support these fields is also crucial. The problem as I see it is that current
funding in Japan is heavily weighted toward the latest cutting-edge or “fashionable” themes, and the
existing technologies and business fields that currently generate those funds are steadily being allowed
to decline. Japan needs to adopt a portfolio approach to overall funding and view it within the
parameters of a technology strategy.
(Chose other than information technology after 2010)
- The meaning of “importance” differs slightly between material technology and social infrastructure
technology. Technological development of the latter is considered to be important from a social need,
similar to earth science and environment technology, but as for the former, many researchers are set in
their understanding about the importance of material technology as the foundation that supports all the
research and technologies.
- There are limitations to the conventional field classifications. If we consider the closer cooperation
and the creativity that is arising from the fusion of technologies, new base technology fields are
emerging. The cyber field is one example. For example, in nanotechnology, a construction industry is
being formed within microscopic space, and information technology is naturally vital as a base for this.
As for priority fields ten years from now, at that time we will be in an era of new material revolution
and system management technology, and the needs in these fields will naturally be safety and security
of life.
- The relationship between science and technology and society will become even closer, so I believe
fields such as decision-making support technologies (can also be called social technology, which has
been recently been raised), including technological evaluation and risk assessment, will become
important.
- It is quite obvious that in ten years time earth science and environment technology will become critical.
The time scale of earth and environmental phenomena is quite long, so it will be too late to begin
observation and research ten years from now. If we know of an area now that will be important then, at
the very least, we need to step up our observation that will give us the basic data necessary for this. In
other fields, research can be reproduced using experiments and similar methodology, whereas in the
study of earth science and the environment, being able to observe some phenomena is a once-only
chance.
- While the development of information technology is important, the question is how to improve the
content of the information with advances in communication and computational science. Specifically,
the volume of data handled is expected to increase exponentially due to advances in life science and
other technologies, and information technology capable of utilizing these data efficiently will be
necessary. In any event, the coupling information technology and other technologies is important.
- Information technology seems to exert a major influence on how we live our lives (we only need to
look at the cultural effect mobile phones and computer games have on teenagers). I believe that the
time will come several years down the track when we need to place some controls on this kind of
impulsive technology-led obsession with information. My decision not to choose information
technology as a priority field also contains the hope that over the next ten years its development will
become more balanced and settled, and will find better application within society.
- While I believe social infrastructure technology will reach maturity and no major breakthrough will be
forthcoming, I feel that substantial progress will need to be made for the advancement of social life.
Research should be focused on unresolved issues such poverty, disease, starvation, the environment,
pollution, destruction, and medical care, and priority must be given to life science and environment
technologies as more valuable and important fields than pursuing the convenience of mobile or
miniature IT.
- Apart from its application in the health and medical care field, I believe life science technology fulfills
its social role only when it is linked to or implemented within manufacturing and management
technology. The same thing can be said about information technology. It fulfills its own role in the
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communications field, but it still needs to be linked to or implemented within manufacturing and
management technology. I’m concerned about Japan’s future because the recent trend seems to be to
place little importance on this manufacturing and management technology.
- Although the social need for life science technology, earth science and environment technology, and
social infrastructure technology is just as great as for information technology, the degree of
technological achievement is lagging behind. The application and use of information technology is
essential to advance these technologies. Therefore, we must strive to expand and improve these
technologies in ten years time by developing the technologies for the application and utilization of
information technology in these fields over the next 5–10 years. Information technology here is
positioned as a common base technology. At the same time, life science technology, earth science and
environment technology, and social infrastructure technology should expand while seeking mutual
needs.
- If we stick fast to the idea of information technology as an independent field, a quantitative increase
may be possible, but a qualitative improvement is not. I believe only when it is coupled with other
fields can information technology generate information that has true value.
- The technological seeds that form the foundation of the IT field have already been fostered in Japan
and overseas, and will continue to grow to maturity within a private-sector-led environment. The
government should focus its backing for priority fields ten years into the future on those fields that are
characteristic to Japan. In material and the environment, Japan already has technological seeds that are
superior to those in Europe and the U.S., and with greater government support for these fields, in ten
years time we can expect to grow highly competitive mature industries that are second to none. The
merger of the biotechnology (life science) field and materials and processing field is important for the
development of Japan’s own bio-industry.
- There’s no disputing that information technology will continue to be important, but information
technology itself cannot create the information it sends. In this respect, sooner or later we are likely to
reach the point of saturation. In contrast, life science, earth science and environment technologies in
themselves possess the opportunity for growth, and this I believe, will become clear over the next ten
years.
- i) It is important to recognize a difference between important fields (those that account for a high
proportion) and priority fields. Some fields expand even without being given any priority (left alone).
There are also fields that may not be large, but must given, or it would be advantageous for them to be
given, high priority for R&D. The viewpoint must be made clear.
ii) A human perspective is also important. There is a need to compose an integrated view of how R&D
should proceed from the perspective of humans as a living entity, and as a cultural identity, and to
consider which areas of R&D should be given priority in Japan.
CHAPTER 3
SURVEY RESULTS
(FINDINGS BY FIELD)
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1. View from socioeconomic needs
1.1. Introduction
Over the past few years with the increasing socioeconomic impact of science and technology, there
has been a growing demand for a vision of science and technology as an integral a part of society.  In the
fifth and sixth surveys, we established subcommittees comprising mainly technology experts for each field
of technology, and these subcommittees selected the topics for the survey.  The subcommittees surmised
future socioeconomic needs, and devised technology topics based on this, but the needs approach in this
case was always from the perspective of technology experts, so we could hardly say that thoughts of the
technology users were adequately reflected in the topics. For the seventh survey, we tried to complement
the former approach from the technology developers’ side with the approach from the technology users’
side to ascertain needs, and have those needs reflected in the preparation of the topics.
Among the many possible ways of ascertaining needs are broad public opinion surveys, interviews
with prominent people, setting up free discussions by small groups, and inviting the general public to
submit their opinions.  This was our first attempt, and we were also faced with time and budgetary
constraints, so we decided to establish subcommittees of prominent members of the community to
examine and identify socioeconomic needs appropriate to our survey.
We established three needs field subcommittees — New socioeconomic systems subcommittee,
Aging subcommittee, and Safety and security subcommittee — based on our consideration that
socioeconomic systems need to undergo reform as community awareness and sense of values change and
information technology advances, Japanese society is aging at such a rate that in 2020 one in every four
people will be 65 or older, and factors which threaten safety and security in our daily lives still remain,
such as natural disasters, traffic accidents, and increasing serious environmental problems.  The main
members of the needs field subcommittees are experts in social and economic systems (and not necessarily
experts in technology).
The needs field subcommittees discussed the future image of socioeconomic systems over the survey
period (over the next 30 years) using existing data and statistics, such as white papers from relevant
ministries and agencies and public opinion surveys, and examined the socioeconomic needs required by
that future image.  From this examination, the subcommittees identified 60 specific needs items, covering
a broad scope ranging from issues affecting the entire planet to those affecting the daily life of the
individual.  They added explanations to each item that clarified and qualified their meaning so their
discussions and perceptions could be conveyed to the technology field subcommittees accurately.  After
receiving these needs items, the technology field subcommittees then examined the kinds of technological
responses possible by the relevant technological fields to these items, and took these into account when
drawing up their respective topics (see Reference at the end of the chapter for the needs items).
Of the 1,065 topics in this survey, 420 were selected as being directly related to the 60 needs items
(these consisted of both new topics, and topics continued from the previous survey).  In selecting these
topics, the basic guidelines were to select all topics thought to contribute even minutely to the
achievement of the need, and when a topic is related to more than one needs item, link the topic to the
needs item with a narrower scope.
We believe that from now on the development of science and technology will be increasingly
required to adequately reflect the needs of society.  For this survey, we chose needs items based on
existing data and discussions among prominent members of the community, but to incorporate
socioeconomic needs into future surveys, we will have to identify those needs items more accurately
through such means as a limited questionnaire survey before the main survey.  Needs are a subjective
concept that differs depending on the circumstances and ideas of the individual, and certain responses may
be enticed by the way the question is asked, so aspects such as survey method and the people surveyed
should be examined carefully.
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1.1.1. New Socioeconomic Systems Subcommittee
Japan’s socioeconomic development in the 20th century has occurred parallel to Japan’s evolution as
an industrializing society. After reaching its zenith in the late 1980s to early 1990s, it then entered its
maturation stage. Industrializing societies such as this have relatively clear and uniform indicators of
progress — faster and bigger for science and technology, and richer and higher growth for society and the
economy. Japan’s socioeconomic systems also conformed to this framework.
From the latter half of the 1990s, though, people realized they no longer wanted more of the same.
What they demanded was development as a postindustrial society, i.e. an advanced information society,
but to bring this about, the traditional systems had to undergo a drastic overhaul. In looking over the next
30 years of this survey, we also need to consider socioeconomic systems in the post-information society
that will emerge from the widespread penetration of advanced information technologies.
In this light, the New Socioeconomic Systems Subcommittee classified items forming the core of
future socioeconomic system into two phases: Phase 1 — response to the advanced information society;
and Phase 2 — response to the post-information society. The subcommittee took up the following items,
and expressed specific needs for science and technology.
i) Phase 1 — Response to the advanced information society
Industrial restructuring through the realization of an advanced information society
Although Japan is a postindustrial society, many systems found in an industrializing society are still
firmly embedded in Japanese society and industry, so there is a need to reform Japanese-style systems and
promote post industrialization through the introduction of advanced information technology (IT). In
particular, there is a need to reform the current industrial structure that overemphasizes manufacturing,
distribution and retail, and shift that emphasis to information and software.
There is a need for efficient manufacturing using IT for production management and stock control,
and efficient distribution and retailing through direct B to B (business to business) and B to C (business to
consumer) trade that does away with intermediate transactions. Therefore the information and software
industries that support this will need to form the nucleus of the industrial base.
Development of a labor and employment environment suited to the advanced information society
Advances in information technology are expected to bring changes to the conventional and uniform
pattern of employment in the manufacturing industry, and also employment in the service industry, such as
finance, distribution and retail. There is a need to develop a labor and employment environment suited to
the advanced information society (working at home, SOHO, etc.).
Reform of public systems through advanced information technology
Advanced information technology enables public systems that had been seen as traditionally uniform,
e.g. policy, education, and assistance for social activities, to respond to the needs of the individual, thereby
facilitating a more targeted delivery of services. Public systems such as these are pivotal to socioeconomic
development, and their reform is extremely important.
ii) Phase 2 — Response to the post-information society
Response to people’s new needs
In the traditional industrializing society, people’s needs had been single-minded — faster and bigger,
and material affluence — in conformity with the national emphasis on developing industrial products. But
society now requires a response to new needs based on diverse sets of values, rather than the previous
unidirectional values.
Importance will be placed on spiritual fulfillment even within individual needs, especially once the
penetration of advanced information technology has been achieved, and this will have to be
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accommodated.
Development of a recycling society that becomes the source for technological innovation
Ever-expanding restrictions on the environment and resources are placing demands on society to
recycle resources and achieve greater harmony with the natural environment. There is also a need to view
environmental preservation technology as new technological systems for building sustainable societies,
rather than as merely passive technologies for protecting the environment, and also as a source of
technological innovation to replace information technology.
Development of social networks linking basic and applied research
Basic research that has a long-term outlook is not geared toward market competition, so it is best
undertaken by the government. It is imperative to build a network that links basic research carried out by
universities with government support and applied research carried out by the private sector.
1.1.2. Aging Subcommittee
These days the Japanese are enjoying much longer lives than past generations. This, in conjunction
with later marriages and a falling birthrate, is accelerating the drop in the youth population and the rise in
the proportion of elderly people in Japanese society. Future population estimates by the National Institute
of Population and Social Security Research indicate that the over 65 population is likely to reach 22% of
the total population in 2010. So with a growing population of people who are no longer in employment,
society will have no option but to undergo structural change.
Moreover, as the size of families shrink and trend away from the extended and toward the nuclear
family setup, they are looking externally to fulfill their family functions. This has given rise to demands
on society for various services and the establishment of new links among regional communities, while
individuals are required to lead independent lives according to their own decisions.
In a situation of social change such as this, we should look at the declining youth population and
rising proportion of elderly people not simply as an issue of elderly people or nursing care, but as an issue
of improving the quality of life of all people taking into account other social phenomena such as the
changing consciousness of society and the individual, and equal participation in society by men and
women.
Conscious of this, the subcommittee examined needs with the ultimate goal of a society in which all
people can lead active and fulfilling lives regardless of age, gender, or disabilities. To make this easier to
consider in relation to technology, we established the two axes of life stage and behavior (habitability,
activity, communication, mobility), and selected needs corresponding to each cell. We did not exclude
items that contain substantial non-technology elements, such as social systems. We focused on needs of
the individual in the belief that needs should start with the individual.
We discussed quality of life from the three viewpoints of health (health and medical care), lifestyle
(independence and safety), and fulfillment (satisfaction and enrichment).
i) Health (health and medical care)
A long and healthy life is the most fundamental need. With the ongoing aging of Japanese society,
measures to combat diseases closely linked to aging are in greatest demand. Dementia in particular is not
life-threatening, but it does lower the sufferer’s quality of life significantly, so society is looking to science
to develop ways of preventing and treating it. Maintaining health over the long term depends a great deal
on individual lifestyle choices, so preventive medicine and health education, such as rethinking lifestyle
patterns and tackling health issues primarily through regional health centers, are vital.
In the final stages of people’s lives, medical and mental care support must concentrate on enabling
those people to live their own lives and die with dignity, rather than merely prolonging life through the
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undesirable “spaghetti syndrome” phenomenon.
The number of pediatricians has declined in recent years, and there are concerns about delays in
diagnosis from inexperienced non-pediatricians during emergency treatment especially after hours. It is
important to foster pediatricians and encourage more doctors to specialize in pediatrics. Emotional
problems at times show up as physical symptoms or abnormal behavior, so cooperation among doctors,
teachers and counselors is important.
ii) Lifestyle (independence and safety)
Our daily lives are made up of countless elements, such as food, clothing and shelter, housework, rest,
outings, and socializing. It is important to look at these elements as a single aspect, and enable elderly
people to live as close to a normal lifestyle as possible considering their remaining functions and life
background, regardless of the situation.
Aging is a condition in which overall physical functions decline, while disability is a condition in
which certain functions decline or are lost. Gaps can be seen in the ease with which equipment is operated,
sense of balance, and the existence of a sense of caution when using equipment. It is important to raise the
quality of life by creating an environment conducive to independent living through the development of
user-friendly welfare equipment that is adjustable according to the individual’s level of functions,
installation of mobility aids in homes, removal of barriers preventing the free movement of elderly and
disabled people, and provision of support services.
When talking about general safety, attention mostly turns to disasters and other emergency situations,
but ensuring safety within daily routine situations is fundamental.
It is also important to develop an environment where children can grow safely and in good health.
Japanese schools are facing a range of problems that need to be addressed, such as classroom disruption,
bullying, truancy, and withdrawal, and there is a need to adopt a comprehensive approach that includes
psychological and sociological aspects to deal with children’s emotional issues. Many problems are also
emerging in the parent-child relationship, such as child abuse by parents or carers, and parents who have
no feelings toward their children, so some form of support is required to prevent parents or children from
being driven into a lonely world of isolation.
iii) Fulfillment (satisfaction and enrichment)
Learning, leisure, culture, and sport are among the many things that enrich our lives.  There is a need
to develop an environment in which everyone can enjoy their lives without geographical, time or other
restrictions.
Advances in information and communication technology and its penetration throughout society is
expected to expand communication over computer networks, exchanges and creative activities, and
support is needed for people who are at risk of becoming information disadvantaged.  Such information
technology at the same time empowers people with severe disabilities to expand their world, so in the
sense of improving quality of life, its necessity is indeed great. Interfaces that can be used by everyone are
essential.
Work can be a source of satisfaction in our lives.  Elderly people with a wealth of experience and a
desire to work are a tremendous source of labor, and to the elderly people themselves, being able to put
their skills and experience to productive use enriches their lives and gives them a great sense of fulfillment.
We can expect various kinds of technological support to significantly expand employment opportunities
for disabled people.
Labor saving technological support that reduces household chores will enable more efficient time
allocation, and improve quality of life.  It also can become a means of facilitating the greater participation
in society by women.
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1.1.3. Safety and Security Subcommittee
Japanese people live in considerable comfort, and there are few crises such as starvation, war and
poverty that directly threaten their survival.  On the other hand, it is also a fact that many people on an
individual level feel a certain anxiety about their everyday lives or the future.  This anxiety can be divided
into natural disasters and man-made disasters.  Japan’s national land is prone to earthquakes, volcanic
eruption, flooding and other natural disasters, and constant effort has been given to employing science and
technology to ensure safety.  We will, however, never be able to completely escape from natural disasters.
The rapid advance of science and technology brings with it new risks, and also changes the nature of the
risks we face. An increasing number of people have a sense of unease about what the future holds.  Not
just Japan, but modern societies in general are able to enjoy the marvelous fruits of science and technology,
typified by advances in medical care, transportation convenience through cars and planes, and advanced
communication technology, but these advances are also casting shadows that threaten our safety, for
instance, environmental problems, endocrine disrupters, and traffic accidents.  And while information
technology, highlighted by the rapidly expanding internet, has opened up new routes for communicating
with people in Japan and overseas, it has also given rise to dangers that were unheard of or were not a
widespread concern in the past, ranging from invasion of privacy to cyber-terrorism.  These are all man-
made disasters arising from human activity.
Items on safety and security are extremely diverse, ranging from the national level such as securing
stable supply of resources, and defense, to the individual level such as traffic accidents.  Here, though, we
looked at the following: “response to uncertainty directly connected with physical well-being (natural
disasters, environmental problems, traffic accidents, etc.)”, “response to emotional uncertainty caused by
stress, crime, etc.”, and “response to uncertainty accompanying technological development”.
i) Response to uncertainty directly connected with physical well-being (natural disasters,
environmental problems, traffic accidents, etc.)
Items that have an effect on life include natural disasters, environmental problems, and traffic
accidents. For natural disasters, Japan’s location, geographical and geological features, and weather make
it prone to earthquakes, typhoons, torrential rain and volcanic eruptions. Volcanic eruptions, earthquakes
and tsunami, highlighted by major recent natural disasters including the Mount Fugen eruption, the
earthquake off southwestern Hokkaido and the Great Hanshin Earthquake, coupled with torrential rain
brought by the annual cycle of typhoons have caused great loss of life and property, so broad-ranging
measures that also cover the post-disaster period are essential. Measures are also required for
environmental problems, which have a gradual impact over many years, traffic accidents that each year
claim the lives of almost 10,000 people and injure a million more, and the “sick house” syndrome, which
has attracted considerable attention over the past several years.
ii) Response to emotional uncertainty caused by stress, crime, etc.
Rapid advances in information technology have brought massive changes to our social systems.
These changes have given rise to new problems that demand an appropriate response, including stress
reactions or, conversely, excessive adaptation caused by advances in OA both at work and at home, lack
of direct conversation among families and friends due to the rapid growth in the use of mobile phones
and the internet, and less direct contact with the community and nature as people withdraw from the real
world into an expanding virtual reality.
These days children snapping into uncontrollable fits of rage and violence, classroom disruption,
middle-aged and elderly suicides, and random murders are by no means unusual, and can affect anyone at
any time.  Factors contributing to routine stress are very complex, and often people are completely
unaware they are suffering from it, so comprehensive research that takes in all viewpoints from human
relations to social systems is necessary to tackle this difficult problem.  Attention has traditionally been
fixed on perpetrators in the case of crime and on physical damage or injury in the case of disasters, but
consideration must also be given to the emotional pain suffered by victims (i.e. posttraumatic stress
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disorder).
iii) Response to uncertainty accompanying technological development
Computers and other forms of information technology have become an integral part of our daily lives.
But societies that are heavily dependent on computers must also realize that there are risks involved, e.g.
computer malfunctions, errors, and misuse.  Computer network societies have no national borders, and
people with wide-ranging values and morals freely converse with each other, so ensuring the safety of
systems is paramount.  With the capacity to process and transmit vast amounts of information at high
speed, computers are an invaluable tool, but they also have the power to be used to control society.
Members of society must be independent-thinking so they make their own judgements about openly
accessible information and use that information effectively, and an education system that fosters these
qualities is crucial.
Progress in life science has also given rise to various concerns about gene-related technology.  People
are anxious about what is happening now, such as the safety of genetically modified food, gene diagnosis
and privacy, and genetic alteration of humans, but they also have vague concerns about what may happen
in the future, and a sense of uncertainty about human life itself.  Society must actively debate safety and
life ethics, and reach a common understanding to take the necessary action.
1.2. Characteristics of topics directly related to needs items
We looked at the characteristics of the 420 topics directly related to needs items from eight
viewpoints (listed in 1.1.) taken up by the subcommittees and the six technological domains. The
viewpoints and technological domains are as follows. Topics that are directly related to needs items are
“needs topics”, and those that are not are “other topics”.
Needs topics are shown by viewpoint and by technological domain in Table 3.1-1.
Table1 3.1-1   Number of needs topics by viewpoint and by technological domain
Viewpoint Number of topics
i) Response to the advanced information society 63
ii) Response to the post-information society 50
iii) Health (health and medical care) 79
iv) Lifestyle (independence and safety) 59
v) Fulfillment (satisfaction and enrichment) 23
vi) Response to uncertainty directly connected with physical well-being
(natural disasters, environmental problems, traffic accidents, etc.) 112
vii) Response to emotional uncertainty caused by stress, crime, etc. 18
viii) Response to uncertainty accompanying technological development 18
Total 420
Note: 2 topics are counted double.
Technological domain Number of topics Number of needs topics Ratio
i) Information 165 61 37%
ii) Life science 261 138 53%
iii) Environment 223 76 34%
iv) Materials 103 14 14%
v) Manufacturing 130 43 33%
vi) Infrastructure 183 88 48%
Total 1065 420 39%
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By viewpoint, “response to uncertainty directly connected with physical well-being” accounts for the
highest number of topics with 112, followed by “health (health and medical care)”. By technological
domain, life science accounts for around 50% of the topics, and by individual technology field,
“Environment” accounts for 80%, “Health and medical care” for 79% and “Services” for 62%.
1.2.1. Topics with high degree of importance
Figure 3.1-1 shows the degree of importance indices by viewpoint and technological domain. The
degree of importance index for needs topics is 64.5, while that for other topics is slightly lower at 59.0.
By viewpoint, “response to uncertainty accompanying technological development” is highest with
72.4, followed by “response to the post-information society” with 71.6, and “response to uncertainty
directly connected with physical well-being” with 69.3. The lowest is “response to the advanced
information society” with 57.4, which is lower than the index for “other topics”.  By domain, degree of
importance is high for needs topics in almost all domains, with only information slightly lower. Material
and environment are highest with 68.8 and 68.6 respectively.
Needs topics account for 61 of the top 100 in degree of importance among all topics, which is
considerably higher than the needs topics to total topics percentage (420/1,065 — 39%). By technology
field, “Life science” has the highest number with 17 of the 61. On the other hand, 28 needs topics are
found in the bottom 100 topics. The highest number of these topics are in “Distribution” and “Information
and communication”.
Figure 3.1-1   Importance index by viewpoint and technological domain
Table 3.1-2   Most important topics by viewpoint
Viewpoint Field Topic Importance index
i) Advanced
information society
Information and
communications
50:Advances in software inspection and verification
technology, enabling error-free, large-scale
software to be developed in a short period of time.
89
ii) Post-information
society Service
31:Major advances in technology for disposing of
disused manufactured products, leading to the
emergence of commercial services capable of
reducing the final disposal volume to one-tenth the
current level.
94
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Viewpoint Field Topic Importance index
iii) Health Life science 38:Practical use of effective means to preventmetastasis of cancer. 93
iv) Lifestyle Life science
24:Complete understanding of the factors
contributing to stem cell proliferation, and
widespread use of the practice of proliferating stem
cells, as necessary, in vitro and using them for
medical treatment.
89
v) Fulfillment Manufacturing
48:Widespread use of manufacturing systems where
elderly or disabled people can work without
difficulty.
73
vi) Uncertainty
directly connected
with physical well-
being
Marine and earth
55:Development of technology capable of forecasting
the occurrence of major earthquakes (magnitude 7
or above) several days in advance. 95
vii) Emotional
uncertainty caused
by stress, crime, etc.
Manufacturing
28:Practical use of technology for optimizing energy
usage in the manufacturing processes through the
storage of large amounts of electricity
(superconductors, flywheels, and condensers).
79
viii) Uncertainty
accompanying
technological
development
Information and
communications
19:Widespread use of highly reliable network
systems capable of protecting the privacy and
secrecy of individuals and groups from the
intrusion of ill-intentioned network intruders.
93
1.2.2. Forecasted realization times
The distribution of forecasted realization times (Figure 3.1-2) shows that most topics are concentrated
in the period 2011–2015. By viewpoint, 80% of the topics in “fulfillment (satisfaction and enrichment)”
are in the period 2011–2015, while “health (health and medical care)” and “response to emotional
uncertainty caused by stress, crime, etc.” show a later trend with many topics forecasted to be realized
after 2016. Technological domains have a roughly symmetrical distribution of topics with most peaking in
the period 2011–2015, however, the life science domain peaks one stage later in the period 2016–2020.
Figure 3.1-2   Forecasted realization times  (by viewpoint)
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Reference: List of needs items
I. Response to the advanced information society
1 To carry out fundamental reforms of management and production processes through the introduction
of high-level information technology (IT)
¾ Japan’s management and production processes, which were late to move into the postindustrial era, need to be restructured
through the introduction of IT.
2 To develop fundamental technologies for the software industry
¾ The software industry, which, along with IT, forms the core of the postindustrial era, should be strengthened (financial
engineering).
3 To develop products those are minimally computerizable (products ill-suited to the Internet) in order to
maintain employment levels in tertiary industries
¾ Expansion of e-commerce will result in a decrease in sales staff and retail shops. To maintain employment in tertiary
industries, there is a need to develop products with low bitability (difficult to be placed on networks).
4 To assist diverse working and employment patterns
¾ Develop technologies, systems and management methods that can support diverse work and employment forms, such as
working at home, satellite offices, and work-sharing.
¾ Develop systems that can support work and employment forms that enable men and women to work and share in housework
and child-rearing.
5 To create opportunities of doing non-industrial and creative work such as non-profit activities,
academic research, and cultural activities
¾ To counter the possible drop in employment due to e-commerce, there is a need to expand opportunities in work not
essentially connected with human existence (“formal” work), such as volunteer activities, research, and artistic activities.
6 To support the direct participation of people in policy-making processes
¾ Technology that can facilitate greater public participation in direct policy-making decisions is necessary (local and national
plebiscites through electronic voting systems).
7 To promote technology development by utilizing specific characteristics of each region
¾ Technological development that is attuned to regional characteristics, rather than being centered on Tokyo. For example,
land use and housing development suited to the region.
8 To assist multi-polar development of national land
¾ There is a need for technology that can support the elimination of the unipolar concentration of economic functions.
9 To support the diversification of education
¾ Provide support for fostering people with creativity and individuality, people with a vibrant approach, and people who can
lead societies that are internationally competitive.
¾ Provide support for new designs in elementary education.
¾ Strike a balance between learning using information technology and “hands-on” experience in child education.
¾ Develop methods of special talent identification in various areas, such as art and learning, during school years, and establish
a suitable education system for nurturing these talents.
¾ Provide opportunities for learning and study according to interest or need without being limited by age, illness, disability,
location or time etc.
¾ Provide opportunities for reeducation and life-long learning for acquiring new vocational capabilities and making life more
satisfying and fulfilling.
10 To support childcare for pre-school children
¾ Childcare services that can respond flexibly to individual conditions and circumstances.
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¾ Childcare services that consider not just the convenience of the parents, but the growth of the child as well.
¾ Formation of networks that assist parents during the child-rearing years, i.e., providing the opportunities for parents to
discuss issues of concern with each other, or learn about raising their children.
11 To maintain diversity of culture
¾ To maintain diversity, there is a need to create new domains, and also support minority cultures and preserve past cultures,
e.g., technologies for accurately recording the state of paintings and other arts and crafts, and storing those records on a
database.
12 To provide a variety of recreation and amusements
¾ Establish an environment (facilities, equipment, transport services, etc.) and develop tools and systems whereby people can
enjoy a diverse range of leisure activities (travel, sport, creative activities, art appreciation, shopping, etc.) without being
restricted by age or disability.
¾ Develop pet robots that do not just have an emotionally calming effect, but can also help in the recovery of mental and
physical functions.
13 To support international exchange activities
¾ Technologies that can remove the factors hindering international exchange (e.g. language → automatic translation →
distance → telecommunication)
14 To develop technology for the integration of different means of communication such as the Internet
¾ The internet has brought massive change, and emerging from it has been our network society, but it still has its deficiencies.
There is a need to continue improving it, and filling in the framework detail to make it more user-friendly. For example,
there is a need to integrate all communication tools (telephone, fax, mail, email, etc.) through agent technology so people
can make contact wherever they are.
II. Response to the post-information society
15 To develop technology and products that are in line with social values that may conflict with economic
values
¾ There is a need to assume more complex technological objectives that include “more comfortable” and “more secure”,
rather than just “faster” or “bigger”.
16 To establish a technology system that is directly connected not only with national economic
development but also with the individual lives of citizens
¾ Improving living standards through national economic development was a past goal, but these days economic growth is
steadily declining as a goal. There is a need to develop technologies and build technological structures that present new
values and goals on the purpose of our lives.
17 To develop environmental technology as a source of economic revival and technical innovation
¾ There is a need for environmental technology that not only maintains, decreases and reduces, but also becomes the source of
economic revitalization and technological innovation in the 21st century.
18 Enhancement of basic research by the national government
¾ Construct systems through which the government promotes basic research that is not suited to market competition.
19 To carry out technical development for the social and economic development of developing countries
(technology for international contribution)
¾ There is a need to identify technologies compatible with the characteristics and stage of economic development of
developing countries, and develop those technologies within a cooperative framework.
20 To establish a social network that links basic research and applied research, which have previously
been done separately.
¾ Research and development: An efficient way of avoiding duplication is for universities to undertake research with
government support, and private companies to undertake development. A social network linking the two is essential for
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enabling such a division of responsibilities.
21 To support sharing of information in order to eliminate harmful effects of specialization of knowledge
and labor
¾ Specialization occurs as technology advances; the spectrum grows narrower, and the range handled by the individual
becomes narrower and deeper. As a result, the need for networking with others (information sharing and coordination)
increases.
22 To establish a recycle-oriented society (to establish the LCA system)
¾ Because of limited resources, pollution, and other problems, we have to change from our current standard mass-production
and mass-consumption society to a society premised on diverse production of appropriate volumes, and reuse and recycling.
Support for building such a recycling society is essential.
¾ Develop systems that can eliminate or minimize waste.
23 To establish a technology system that recovers and maintains the natural balance of nature, the earth
and human beings
¾ Science and technology is, in certain respects, destroying the natural balance created by the earth over the millennia. On the
human level, for example, the balance between physical and mental aging is collapsing, so there is a need to develop
technologies and build technological structures that are conscious of balance and harmony.
III. Health (health and medical care)
24 To provide quality medical care
¾ Improve patient satisfaction with medical care.
¾ In remote locations and other areas without appropriate medical facilities nearby, elderly people and others who have
difficulty in attending hospital can receive proper checks, diagnosis and treatment through remote medical care.
¾ System through which individual people’s consultation and health records are shared among medical facilities so that if they
suddenly collapse while out, they can receive the appropriate treatment.
¾ Establish medical technology capable of dealing with new kinds of infectious pathogens with high mortality rates, such as
HIV and the Ebola virus.
¾ Measures for sterility treatment and childbirth in later years.
¾ Improvement of pediatric care (secure more pediatricians, organ transplants in children, etc.)
¾ Complete gene analysis of bipolar disorder (manic-depressive psychosis), and establish prevention and treatment methods.
¾ Advances in methods of treating diseases closely connected with aging.
¾ Enable patients to choose their own terminal treatment, and live their final days in peace using drugs to ease pain.
25 To provide support for healthy life (to provide measures targeted for food, exercise, allergies, etc.)
¾ Individual advice on food, exercise etc. is provided according to physical constitution and lifestyle.
¾ Provide nutritionally balanced food that takes into account generational characteristics (amounts, cooking methods,
nutritional intake, etc.).
¾ Measures to combat allergies such as atopy and hay fever.
¾ Daily lifestyle advice to delay functional decline as one ages.
¾ Deepening scientific understanding about obsessive-compulsive behavior, such as smoking and alcohol, and widespread
adoption of measures to counter this.
IV. Lifestyle (independence and safety)
26 To recover and replace deteriorated or lost mental or physical functions and remove the difficulty from
people with disabilities
¾ Recovery of functions in a short period is possible through painless exercise.
¾ Medical-based recovery of functions is possible through the application of genetic engineering and organ reproduction.
¾ Reproduce functions through substitute devices with functions identical to those of human organs (e.g. hearing-aids capable
of selectively picking up sound).
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27 To maintain stable relationships between parents and children
¾ Elucidation of factors in child abuse, prevention measures, and emotional care for abused children.
¾ Provide support for independence from parents and from children.
¾ Provision of opportunities for people with similar problems or concerns to discuss their problems.
28 To provide housing and living facilities where elderly people and people with disabilities can lead self-
supported, safe, and comfortable lives.
¾ Reduce risk of accidents.
¾ Resolution and reduction of daily life inconveniences.
¾ Adjusting or changing home facilities or room setup at any time according to the functional level of residents.
¾ Reconcile resident comfort and recovery of functions (prevent deterioration) and labor saving in care.
¾ Allocate space where functions for privacy and communication coexist.
¾ Provide diversity of choices in accommodation (private dwellings, small apartment buildings, facilities, etc.).
¾ Diversity in choice in suitable residential region and location according to one’s own life stage.
29 To realize self-supported lives for elderly people and people with disabilities by providing them with
equipment, animals, and services that support their daily activities (moving around inside the house,
taking meals, changing clothes, taking baths, excretion, etc.)
¾ Technology corresponding to the lifestyles of elderly people, premised on small families or the individual.
¾ Technologies to help elderly or disabled people to lead lives in which they can use their remaining functions as much as
possible.
¾ Provide not just safety, but ease of use, sense of security, and sense of comfort to users.
¾ System for providing and recycling made-to-order supplementary and self-reliance devices.
¾ Technology for identifying, training and managing animals with a nature suited to providing lifestyle assistance to people.
30 To develop equipment and services that will lighten the burden on caregivers
¾ Equipment that does not cause anxiety or discomfort in care receivers and does not harm the health of carers.
¾ Services that allow home carers to have the occasional break from providing care.
¾ Easy-to-use and comfortable equipment and services that consider home circumstances and lifestyles etc.
¾ Improve training programs for carers.
¾ Provide opportunities for communication among people experienced at providing care.
¾ Establish and promote measures for energizing the activities of carer associations and self-help groups.
31 To provide means of transportation and environment that enable elderly people and people with
disabilities to move about easily and freely in their daily milieu.
¾ Develop and improve mobility devices, such as electric wheelchairs, and create the environment, such as roads, shops and
public facilities, that facilitates their use.
¾ Develop a safe and comfortable pedestrian environment around residential areas.
¾ Develop barrier-free public transport facilities (low-step buses, service routes, stations, etc.).
¾ Automobiles that people can drive safely regardless of decreased mental or physical functions or disability.
¾ Breaking down psychological barriers so that people can feel natural when coming into contact with disabled people and
others through education, volunteer activities, and widespread use of devices that enable the general public to experience
what it is like to be an elderly person.
32 To improve systems for human services such as medical care, welfare, and childcare
¾ Conduct service quality evaluation (including evaluation by users), and business evaluation.
¾ Establish uniform standards (manual), and prevent accidents and ensure quality through standardization.
V. Fulfillment (satisfaction and enrichment)
33 To provide equipment and services that carry out household tasks (cleaning, washing, cooking,
shopping, etc.) for care-giving family members
¾ Carry out housework that elderly people find too much of a burden.
¾ Have someone do the housework so that more time can be spent on one’s own interests or with one’s family.
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34 To help elderly and disabled people find jobs and keep working
¾ Develop a comfortable work environment suited to the physical circumstances of the workers through a layout that gives
consideration to a deterioration in physical functions, and the installation of support equipment, so that individuals can work
safely and in comfort to the extent that their experience and capabilities allow.
¾ Age discrimination will disappear through objective measuring of skills suited to the job.
35 To strike measures to counter the decreasing number of young workers
¾ Improve productivity through the use of robots or IT.
36 To fill the information gap (to enable everyone to get access to information easily)
¾ Provide education in line with the background of the individual.
¾ Design products or systems that will not give rise to people who are information disadvantaged.
¾ Both information required by the masses (generality) and that required by limited numbers of specific people (specificity)
can be provided and accessed.
37 To offer opportunities for people in the same generation and in the different age groups to mix and
exchange views with each other and to provide them with opportunities for social participation
(volunteer activities, etc.)
¾ Exchanges among children that go beyond geographical restrictions such as other regions or countries.
¾ Exchanges among healthy elderly people in local areas through various activities.
¾ Maintain connections between elderly people and regional communities without being restricted by residential form (private
dwelling, facilities).
¾ Technological support for volunteer activities that provide the opportunity for exchanges between generations and social
participation.
¾ Pass on child education culture through exchanges between generations (e.g. give schoolchildren experience in looking after
younger children by carrying out child and infant education at the same location).
VI. Response to uncertainty directly connected with physical wellbeing (natural disasters,
environmental problems, traffic accidents, etc.)
38 To ensure safety and security of family life and to provide a system for emergency measures
¾ There is a need for measures to prevent accidents in the home caused by falls etc., to confirm the wellbeing of people living
by themselves, and to ensure safety against domestic violence.
¾ Eliminate pollution from volatile substances that cause the sick house syndrome.
¾ All houses and workplaces are fitted with anti-crime sensors that enable a rapid response by a monitoring center.
¾ Automatic notification is made and appropriate action is taken when a person is feeling ill or is in an emergency situation
due to an accident etc., or when there are only children who are not capable of making a sound judgement present.
39 To ensure the quality of life during evacuation and recovery after natural disasters
¾ Measures relating to health and living standards while living in temporary housing.
¾ Improve the reliability and expedite the restoration of lifeline services such as water supply, electricity and gas.
40 To ensure the safety of foods
¾ Provide background information on where and how food is prepared and processed.
¾ Provide information relating to genetically modified food.
41 To provide products necessary for daily life that are easy to use, to take measures to prevent their
misuse and to ensure the safety of these products.
¾ Technology to make pharmaceutical containers etc. childproof.
¾ Develop methods of ensuring warnings and directions for use are conveyed without fail to the user.
¾ Simplify operation so that household appliances can be used easily by elderly and disabled people.
¾ Realize flexible operability that enables elderly and disabled people to feel they are operating the item themselves, thereby
giving them a sense of independence.
¾ Confirm the safety of component parts or elements, ensuring they have no harmful effect before the product is manufactured.
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¾ Develop products for which steps have been taken to prevent any assumed risk (e.g. attachments to prevent fingers from
being pinched on products with such an assumed risk).
42 To maintain national safety and security
¾ Secure stable supplies of energy.
¾ Secure stable supplies of food.
¾ Economic stability (maintain national living standards without rises in the unemployment rate).
¾ Stable social security system that applies equally and fairly to all generations.
43 To ensure a dependable supply of good drinking water
¾ Stable water supply in urban areas.
¾ Further improvement in the quality of water supply.
¾ Efficient utilization of water through purification.
44 To ensure safety in the face of deterioration of buildings and constructions
¾ There is a need to maintain safety through non-destructive scientific methods of verifying building or structure safety, not
only during construction, but also during regular checks.
45 To investigate and determine causes of traffic accidents and to initiate measures based on the results
¾ Eliminate accidents through the scientific elucidation of accident factors, without stopping at merely ascertaining the
circumstances of accidents, as is the case at present.
¾ Promote research into safety measures for vehicle-pedestrian accidents or bicycles, which is lagging behind research into
safety measures for vehicle-vehicle or single vehicle accidents.
¾ Measures to counter accidents arising when vehicles using car navigation systems turn into narrow residential streets.
46 To plan and create safe communities
¾ Ensure safety against not only earthquakes, floods and other natural disasters, but traffic accidents and crime as well.
¾ Ensure safe play areas for children by fully incorporating crime prevention in the design of parks and other public facilities.
47 To minimize damage caused by personal hazards and natural disasters
¾ Establish an emergency/rescue system for deployment during traffic accidents etc. (e.g. medical helicopters).
¾ Establish methods for dealing with high-tech disasters.
¾ Ensure the earthquake-resistance of buildings.
¾ Give accurate guidance to evacuation areas.
¾ Develop methods for the early detection of disaster victims.
¾ Accurately determine the state of damage in real time.
48 To improve and enhance crisis management
¾ Technological support to develop structures for accurately collecting information and dealing with worst case situations
during a terrorist or cyber-terrorist attack, hijack, or other crisis.
¾ Technological support for a prompt and appropriate response during an earthquake or other large-scale natural disaster.
49 To prevent accidents caused by human errors
¾ Automobiles can judge whether a person is capable of driving (drunk, use of drugs, fatigued, etc.), and sound an appropriate
warning if not.
¾ Development and widespread use of fail-safe systems that prevent a simple operator error from expanding into a serious
accident in various areas of society.
¾ These days, accidents are occurring because of previously unthinkable simple mistakes, such as incorrect prescription of
drugs in medical care. Promote the standardization of and production of manuals on basic items in the various technological
fields as one method of preventing this.
50 To carry out global environmental protection
¾ Nitrogen and sulfide are polluting the atmosphere and generating acid rain, so there is a need to reduce emissions.
¾ Reduce emission of CO2 and methane gas, which lead to global warming.
¾ Reduce emission of gases that lead to the destruction of the ozone layer.
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51 To carry out regional improvement of the environment
¾ As well as establishing treatment methods for people whose health has been badly affected by various car and factory
emissions, there is a need to reduce the actual amount of such emissions.
¾ Soils and rivers are being polluted by chemicals such as dioxins and other environmental hormones, and there is a need to
eliminate these chemicals, and clarify the impact they have.
52 To forecast natural phenomena that can cause disasters
¾ Accurately forecast the time, scale and path of natural disasters such as earthquakes, tsunami, volcanic eruption, storm and
flood damage, and snow damage.
¾ Develop methods of providing the general public with appropriate notification of such information as monitoring data and
forecast details.
VII. Response to emotional uncertainty caused by stress, crime, etc.
53 To realize healthy mental and physical development of children
¾ Secure places where young people in their adolescence can gather (e.g. places where adults and children in the region can
gather naturally, and spend time with the different generations).
¾ Care for children’s psychological problems, such as truancy, autism, withdrawal, and bullying.
¾ The causes of ADHD (attention deficit hyperactivity disorder — 1–5% of children suffer from it; one of the main causes of
classroom disruption and learning disabilities) are fully classified, and drug treatments for individual disorders are
established.
¾ Response to the decline of physical capabilities in children.
¾ The environment surrounding children is changing with the falling proportion of children in the population and the joint
participation in society by both men and women. There is a need to clarify how the declining number of children, the
changing ratio of children to adults, and the possibility of less direct contact time between parents and children at home will
impact on children’ growth and development.
54 To investigate and determine the scientific causes of problem behaviors and crimes and to establish
cures
¾ The scientific causes of violent crimes such as murder are elucidated, and methods of preventing crime and repeat offenses
are established.
¾ Drug treatment for sex offenders is technologically and socially established, and repeat offences are prevented completely.
¾ The brain processes of victims of crime and PTSD (post-traumatic stress disorder) patients are elucidated, and drug
treatments are developed in response.
¾ Programs to reduce violent juvenile delinquency are developed with the elucidation of biopsychological factors in
aggressive behavior during adolescence.
55 To ensure the safety of the use of energy
¾ Stable power supply without blackouts.
56 To prevent crimes
¾ Develop methods that can drive back aggressors but, unlike guns for example, do not have the capability to kill.
¾ System of automatic notification when the person is likely to become a victim of crime.
¾ Ensure that even daily use drugs and medicines are not used in large quantities to commit an offense.
¾ Develop technology that can identify the location of wanted criminals, key witnesses, and others by the intensive
monitoring of information obtained through security cameras installed in public areas, and carrying out image analysis of
people’s appearance, irises, etc.
¾ Develop technologies to prevent organized crime by dangerous cult groups.
VIII. Response to uncertainty accompanying technological development
57 To pass along and transfer technology and know-how
¾ Current technological systems are being automated through the computerization of past engineers’ experiences. To maintain
the technological base and safety, there is a need to pass on the skills and experiences on which automation has been
founded to the next generation of engineers.
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58 To ensure the security of information systems
¾ Protect privacy.
¾ Establish methods of confirming the identity of people.
¾ Prevent the social turmoil caused by obstructions in information networks.
¾ Ensure the safety of electronic payments.
59 To forecast and assess (technology assessments) of the effects of new technologies
¾ Develop systems that can forecast and evaluate the effects of new technology arising from research into gene modification,
biotechnology, etc.
¾ There is a need to assess the adverse effect that technology can have on humans over the long term (“low-temperature
burn”), such as the decline of face-to-face communication through the widespread use of mobile phones, and excessive
adaptation to information equipment.
60 To deepen understanding of technology and to build consensus about it
¾ When the general public cannot understand technology and a substantial technological gap opens up between them and the
experts, anxiety and uncertainty sets in. To alleviate this, communication and understanding are essential.
¾ There is a need for procedures and systems to form consensus at various levels from national to the individuals directly
concerned regarding aspects of ethics and safety in the public works and medical care fields so that the technologies are
used properly.
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2. Survey results in “Information and communications”
2.1. Trends in noteworthy domains
2.1.1. Introduction
In the 6th technology forecast survey, “Information” was surveyed as an independent domain, but we
found many topics that were duplicated in the “Communications” field. This indicated to us that
“Information” and “Communications” technologies are quite similar, and are often used synchronously.
Therefore, for this survey, we decided to combine these two fields into the single field of “Information and
communications”.
We set 96 topics broadly classified into “technology” and “application” relating to information and
communication, which are the key technologies of the 21st century. In the technology domain, we devised
topics from the perspectives of (i) computers, (ii) communication, (iii) broadcasting, (iv) software, and (v)
contents; while in the application domain, we looked at (i) lifestyle, welfare, education and culture, and
(ii) administration, industry, transportation and distribution. In each of these domains we arranged the
topics according to the objectives of (1) search for new principles, (2) high integration, miniaturization,
large volume, high speed, super paralleling, advanced functions, high output, and low cost, (3) large scale,
and wide area, (4) high reliability and safety, (5) intelligence, flexibility, ease of use, and universal design,
(6) low environmental load, and (7) high productivity.
Topics in “Information and communications” are forecasted to be realized an average of five years
earlier than topics in other fields, and most are expected to be realized by 2020. This interesting result is in
effect forecasting that our information society will show signs of reaching maturity in the 2030s, and
suggests that science and technology to support our post-information society will become a key theme.
In autumn 2000 the Japanese government formulated the “IT Nation Basic Strategy” with the
objective of making Japan a world leader in information technology within five years. The key points of
the strategy are (i) develop an ultra-high-speed network infrastructure, (ii) promote electronic commerce,
(iii) realize an electronic government, and (iv) actively nurture high-quality human resources. Points (i)
and (iii) have the sense of actively utilizing media to enrich human communication. From this, we can
expect a significant qualitative change in the foundations of fields related to business, administrative
services, and lifestyle. There are many questions connected with this field in this survey. One problem,
though, is that “IT Nation Basic Strategy” does not contain the means for utilizing IT to revitalize Japan’s
manufacturing-centered industry. Moreover, considering questions are being raised on how IT can be
usefully employed in forming technologies that place greater importance on humans and the environment,
we need to look critically at the lack of topics relating to this. IT is a crucial common technology that
provides an effective means for breathing new life into every field, so this technological effect should be
taken up across all fields.
Overall, topics have been set from the viewpoint of being beneficial to the human race, but there
should also be some concern that the latest technologies may also bring with them unforeseen harm. In
this context, we are now at the stage where we must give serious thought to the new social problems
generated by the latest technologies, and consider proposing the kinds of policies that can resolve these
problems.
(Hideo Aiso)
2.1.2. Computers
There has been remarkable improvement in the performance of computers and workstations, and
considering they are generally judged as technologically mature, there are few new technology topics.
However, the expansion of the internet over these five years has been extraordinary, and its social impact
has been immense.
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While the bubble-like growth and disappearance of e-businesses using new business models
highlighted the fragility of the network society, it also showed the public’s hopes for a new society based
on computers and networks.
Along with the growth of the internet, reduced size, higher performance and lower prices resulting
from advances in semiconductor devices further accelerated the computer boom. Demand for mainframe
computers plunged, while the growing use of UNIX machines as web servers and application servers saw
them become firmly entrenched at the heart of networks. Server-client systems are rapidly being replaced
by web front systems using i-mode services for computers and mobile phones.
What is required now is to further reduce the power and size of systems, and create new applications
using increased functions of PDA and mobile phones. The distribution of music over the internet and
games over mobile phones is currently booming, especially among the young.
Expectations about topic 01 are high with its linkage to the creation of new computers and new
applications, but it is regarded as a topic that is still well into the future. From a low power and small size
perspective, demand is considered to be limitless, so it should be pursued as far as the technology will
allow.
Topics 03 and 09 have a high expectation among respondents, so there is a need to keep a close eye
on the realization time.
Topic 08 was raised as a long-term topic, but in the light of recent research, many respondents believe
it will be realized over the next 10–15 years. The realization of a device than can compete with paper and
its thousands of years of history will indeed have an immeasurable impact on the world and our lives.
Topic 10 is a new topic set for the first time in this survey. Respondents’ interest in this topic was
high, and it is forecasted to be realized in about 10 years. The level of responses indicate the experts’ high
expectations regarding this theme.
(Hiromu Hayashi)
2.1.3. Communication
The past few years in the communication field have been characterized by the dramatic growth of the
internet and mobile phones. At the end of 1993 there were only about 2 million subscribers to the mobile
phone network, which was originally started in 1979 as a service for use in motor vehicles, but from 1994
users could buy their mobile phones rather than having to lease them, so large security deposits were no
longer necessary. This pushed down fees, and as mobile phones became smaller and lighter, networks
ballooned by around 10 million new subscribers a year. The PHS service was introduced in 1995, and by
the end of January 2001, it had more than 5.8 million subscribers. Since April 2000 the number of mobile
phone subscribers (including PHS) has exceeded the number of general fixed telephone line (excluding
ISDN) subscribers, so the ubiquitous mobile phone is now the main communication tool in Japan. One in
four primary and middle school students owns a mobile phone, and this broad appeal across all
generations, and especially among the younger generation, is one of the distinctive features of mobile
phone technology. Use of internet connection services for mobile phones are also expanding to such an
extent that in the first year more than 30 million people signed up for the service.
From May 2001 Japan will be the first in the world to offer high-speed mobile communication
services using the IMT 2000 system, signaling further tremendous advances in diverse mobile multimedia
communication, including internet connections. We are also seeing the start of R&D into fourth generation
mobile communication systems that will provide even greater speed and more seamless interaction with
the internet.
Internet use over the past few years has boomed, and as of September 2000, 21.6 million people were
connected to the internet through home computers (22.8%; ranked fifth in the world), using it to exchange
email and gather information. If we add to this the 7–8% of people who are connected to the internet only
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through their mobile phones (the highest rate in the world), roughly 30% of the Japanese population use
the internet. Internet use through non-computer terminals is expected to continue rising steadily into the
future.
Asymmetrical high-speed internet connection services through satellite, and broadband
communication services such as CATV and ADSL lines have also started in tune with these internet
market trends, while more and more indoor wireless LAN of various kinds and scales are being
established as the use of computers continues to expand. The potential growth of optical access systems
through FTTH in the near future is also expected to give further momentum to this surge in high-speed
broadband communication.
The degree of importance index of the communication domain is quite high at 76.4, reflecting the
explosive spread of mobile phones and high expectations about the economic effect of e-commerce. By
topic, those dealing with safety and lower costs of networks were very high at around 93, indicating strong
support for items that can facilitate the ongoing expansion of wide-area communication. Faster
communication also recorded a high index at more than 77, reflecting the experts’ enthusiasm about the
spread of safe, high-speed broadband communication systems throughout the country.
The forecasted realization time for 13 of the 14 topics in this domain is by 2015, while topic 16 is
forecasted to be realized by 2017. Topic 20 will not be realized according to 19% of respondents, up 1%
from the previous survey, while those who do not believe topic 24 will be realized fell from 7% to 6%,
indicating no major change in recognition of the difficulty of these topics. A relatively high 13% also
believe topic 19 will not be realized, and as with topic 20, a certain amount of skepticism exists about
technologically solving the vicious cycle of malicious assaults on networks. All other topics are
considered to be readily achievable, with only 0–7% forecasting they will not be realized.
In expected effect, “contribution to socioeconomic development” and “response to people’s needs”
are rated highly, reflecting strong expectations about high-speed, broadband and low cost communication.
Responses to national technological capabilities gave the USA an overwhelming supremacy over all
topics, and of the 14 topics, Japan is considered to be above the USA in only four — 12, 15, 17, and 23.
As for measures the government should adopt, 60% believe the government should give priority to
increasing R&D funding in hardware such as communication systems and transmission technology, while
in the software area, including network management and virus countermeasures, many indicated the focus
should be on fostering human resources.
Regarding problems of concern in Japan, around 20% indicated “adverse effect on safety” and
“adverse effect on morals, culture or society” for networks, seemingly reflecting concerns arising from the
spate of reports on hacker attacks on the internet and the behavior of inconsiderate mobile phone users in
recent years. These concerns suggest that the growth of information and communications needs more than
just technological development; rather, we also need to look closely into social issues such as these.
Among the many comments were that for the spread of technology, we of course have to look at
market needs and economic efficiency, but at the same time, we must not ignore the legislative aspects;
that items providing “fully automatic control” and “network security” are made by humans, so they will
never be perfect, but it is important to continue moving ahead; and that it is important to look at and judge
all possible aspect of development and technology.
(Tokio Taga)
2.1.4. Broadcasting
The broadcasting domain has been undergoing major change over recent years with the advent of
digital broadcasting. In 1996 CS digital broadcasting began multichannel broadcasts of technical programs,
and in 2000 BS digital broadcasting began its two core services of hi-vision and data broadcasting.
Ground-based digital broadcasting is scheduled to commence after 2003.
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The digitalization of broadcasting has narrowed the technological gap between broadcasting and
communication. With this, contents are expected to become interchangeable between media, paving the
way for a social environment in which the information medium has a cross-sectional role to play.
Broadcasting is already providing bi-directional services using information functions, and we can expect
to see qualitative and quantitative improvements to news and other broadcast programs as they are
distributed over the internet. It is also said that the use of communication networks will bring further
advances to broadcasting in the future.
The future growth of digital broadcasting will depend on whether the functions and offered contents
will be accepted by viewers. Crucial to this is the development of new contents that make the most of the
high quality images of hi-vision, and appealing contents that effectively utilize the functions of data
broadcasting. This requires R&D in the production techniques for generating new contents. Data
broadcasting provides “t-commerce” (TV commerce), but there is some uncertainty about how it will be
used in competition with internet e-commerce, so close attention will be paid to trends in the use of the bi-
directional functions of broadcast media.
Many broadcasting topics revolve around the idea of “integration, speed and performance”. One
distinctive feature about broadcasting topics is that in the comparison of technological capabilities,
respondents consider Japan to be one of the top ranking countries. For example, topic 26 is forecasted to
be realized relatively early at 2009. This can probably be attributed to the fact that Japan was early to
develop hi-vision into a practical system, and the next high-definition image system has already begun
moving toward its goal of 4,000 scanning lines. In the sound technology topics of 27 and 31 as well, Japan
is considered to a world leader. On the other hand, USA is regarded as more advanced than Japan in topic
30. This topic is forecasted at a late 2014, perhaps because a new breakthrough is seen as crucial for its
realization.
Almost all topics came under “response to people’s needs” in expected effect, so it was rated much
more highly than in other fields. Topic 28 was forecasted to be realized around 2015, with one comment
indicating that a considerable amount of time is required for research into image recognition technology.
For topic 29, although various methods have been developed on an experimental base, its realization is
forecasted at around 2013, with eye fatigue and cost highlighted as potential problems.
In topics 26 and 32, respondents listed “contribution to socioeconomic development” rather than
“response to people’s needs” as the main expected effect, and here we can see the strategic viewpoint of
Japanese industry.
Topic 33 takes the large scale and wide area viewpoint, and is forecasted to be realized in 2013.
Mobile reception with standard TV is possible through ground-based digital broadcasting to be started in
2003, but it requires the technology detailed in topics 30 and 32. As for topic 32, with the remarkable
growth in mobile phones and terminals in recent years, substantial improvements have been made to
transmission speed, but it requires the establishment of broadband mobile communication technology, so
forecasted realization time is a relatively late 2013.
Topic 34 focuses on intelligence, flexibility and ease of use, and although Japan’s technological
capabilities here are recognized as second to none, the topic is not expected to be realized until 2016. One
expert mentioned that since translation across all fields would be difficult, he considered moderate
accuracy limited to specific fields.
(Naoki Kawai)
2.1.5. Software
Software is one of the most important industrial fields this century, and the development of new
software is expected to give a tremendous boost to existing functions, structures and systems in natural
sciences, social science, lifestyle, culture, art, and virtually all other fields. The practical side of software
is expanding at an incredible rate, and Japan must work to secure a position as a technological frontrunner
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in this field.
The current computer system environment characterized by the internet, multimedia, and mobile
computing is having a major impact on software, and has triggered the software industry to expand its
scope from computer systems to mobile devices and home information appliances. Software plays a
critical role in realizing new applied domains in the natural science and social science fields. For example,
high performance software algorithms are indispensable to gene analysis in life science.
In addition to R&D on methods of processing individual functions in the various applied domains
and the information they cover, R&D on technology to link and integrate different kinds of information
and functions is becoming increasingly important. That is, software will develop as a field that can lay the
foundations for linking and integrating functions and information in a variety of fields. In a new
information society formed around an information infrastructure based on both wired and wireless wide-
area high-speed networks, a diverse range of information equipment and multimedia data, software fulfils
the role of providing core functions for information formation, acquisition, extraction, compilation and
integration. Many of these functions realized by the current range of software are still in their very early
infancy when compared to human intelligence and memory functions, so new and extensive R&D is
essential. This field is expected to show exceptional growth in the years ahead.
Software results in this survey underscore the growing importance of technology for acquiring,
processing and sending multimedia data, technology for processing knowledge, such as knowledge
acquisition, discovery and creation, and human interface technology for mobile computing environments.
Respondents also pointed out that developing the R&D base, increasing R&D funding, fostering human
resources, and strengthening cooperation among the industrial, academic and government sectors are
effective measures for realizing almost all topics in this field. Here we shall look at topics with a high
degree of importance to Japan from the earlier forecasted realization times.
Topics 39 and 47 deal with multilingual capabilities and converting text to speech, and are considered
to be necessary and important. Both are forecasted to be realized relatively early (around 2011), i.e. the
likelihood they will be realized is quite high. Topic 39 looks at the possibility of resolving the disparity in
information opportunities through the realization of multilingual functions that enable users to access
information in web pages written in other languages. Topic 47 deals with technology for expanding
information obtained aurally, and it is expected to be used in miniature terminals in the mobile computing
environment.
Topics 41, 48 and 49 deal with image, voice and other media data. All have a high degree of
importance and are forecasted to be realized between 2014 and 2015. Under the current situation in which
vast amounts of media data are produced for the internet, the realization of applications for dealing with
these information sources and the human interface for accessing these sources are extremely important.
Topics 37, 50, 35 and 43 look at the technology for artificial intelligence and knowledge bases. While
their degree of importance is high, experts indicate they are unlikely to be realized until after 2019. They
are about building sophisticated knowledge acquisition and processing capabilities — functions at which
humans excel — through software, and if they can be realized, it will enable us to acquire, discover and
create knowledge from a much greater range of information sources than individuals are able to obtain.
However, we are looking for further advances in R&D because at present, there are many technological
difficulties that need to be resolved before these topics can be realized.
(Yasushi Kiyoki)
2.1.6. Contents
As the use of the internet and other information communication networks expands, the importance of
the actual contents of the information flowing around those networks continues to increase. In this survey
we looked at several topics that were previously included in the software domain from a contents
perspective. We also added several new contents-related topics.
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Topics covering contents defined in their broad sense can be classified into software, broadcasting,
and application categories. Limiting our focus to digital contents does not mean we are narrowing down
the scope, as most contents will be digital in the near future. Industrial development trends in information
technology indicate that contents development and distribution markets will expand and play a pivotal role
in the industry.
Topics dealing with contents production and its support technologies in this survey are quite likely to
be realized over the next ten years. This applies to topics 53 and 55, and also topics 44, 45, 46, 47, 48 and
49 in the software category.
In contrast, several respondents had a somewhat gloomy outlook for topic 52, and some even
questioned the significance of realizing such functions. However, even if we maintain that decision-
making is a human role, one possible option is for this decision-making to be incorporated into rule
development, and the rules can be applied automatically using the appropriate software. With sufficiently
developed technology, the situation in which humans write the rule books, and judgement is left to
software should be possible, and appropriate.
While this survey does not have any specific contents topics, contents-related issues that will need to
be addressed in the future include sharing the fruits of contents over information communication networks
that have no national or regional boundaries while protecting intellectual property rights and information
security. This is reflected in the fact that topic 19 has the highest importance index of all topics in the
survey. It is also worth noting that many experts looked at the realization time of topic 54 in a serious light.
In contents production, maintaining interchangeability among products developed in different
locations and setting up international standards are just as important as the technology itself. Approaching
this merely from a national strategy perspective is not sufficient. It will only be effective when it functions
under a borderless decision-making framework that is not constrained by national or regional
considerations. Not just contents, but a similar paradigm shift is also seen as necessary for many
technologies connected to information communication networks. The national strategy approach is
effective for improving element technologies because it engages a moderate competition mechanism, but
investing in R&D into cutting-edge system technologies should be tackled from a medium- to long-term
strategic perspective based on international cooperation.
(Makoto Arisawa)
2.1.7. Lifestyle, welfare, education and culture
The internet is growing at a pace that could not have been imagined four years ago during the last
survey. There is no doubt that over the next ten years the internet will become an integral part of our
private and social lives, and bring major change to our way of life and behavior itself. Japan’s soaring
internet population is said to have already reached 25 million, half of whom are connected to the internet
over their mobile phones. A broad and diverse range of services are expected to be provided over the
internet with B2B and B2C industries predicted to grow ten-fold over the next five years, and the
government’s active promotion of G2C and G2G services through the electronic government project. 　　
Information retrieval, online shopping, remote education are already in use through Internet, and this is
contributing to the development of an environment in which people can enjoy more convenient, more
comfortable, much safer and more secure life. In the lifestyle, welfare, education and culture domain, we
listed topics that is starting new services recently for the individuals with more wide-ranged, more
advanced, and much safer manner.
Of the 24 topics in this domain, ten are forecasted to be realized within the next ten years, ten in 11–
15 years, and the remaining four in 16 years or longer. The ten topics to be realized over the next ten years
— 56, 58, 63, 65, 68, 69, 70, 75, 76 and 77 — are already technologically possible, and some of the
services can already be used, but respondents believe that it will take 5–10 years before these services are
widely available.
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The topics expected to take more than 16 years are 59, 62, 74 and 79. While fragmented parts of the
functions have been realized at the experimental level, some of the desired functions are impossible with
current technologies. This will be a technological challenge for researchers in the future.
As for the ten topics expected to be realized in 10–15 years, some functions are achievable with
current technologies, but it is expected to take at least ten years before those functions are properly
completed and widely available. Personally, however, I believe the time taken for these topics to be
realized and the functions to be widely available will be shorter than that forecasted. In particular, I
believe network service topics forecasted to be realized in 10–15 years will probably be achieved in about
half that time.
(Satoshi Goto)
2.1.8. Administration, industry, transportation and distribution
Overall characteristics of the information and communication field — Compared to five years ago
◊ Over the past five years the IT wave has swept across Japan as the performance of IC devices advanced
exponentially, and PC and memory device costs and internet fees dropped. Internet and email use
originated in university research departments and private companies, and quickly spread to the general
community, schools and homes. This, in conjunction with the booming mobile phone culture started in
Japan, has brought significant changes to various aspects of our society.
◊ Reviews of business models and processes, such as the shift to EC, simplification through the removal
of middle layers, and outsourcing, which make the most of the distinctive functions of IT including
higher speed, lower costs, greater system scope and globalization through the use of the internet
encouraged managers to reform their outlook, such as giving priority to customers, focusing more on
business strategies, placing importance on data, looking at a top-down structure, and cooperating with
other industries, and from this we saw reform to and evolution of IT era business characterized by the
sole winner principle and a leaning toward venture businesses. The last five years have been
characterized by the appearance of the full effects of the “lost decade” from the bursting of Japan’s
economic bubble, a drop in company R&D spending, and a conspicuous loss of confidence by Japan as
it fell well behind the U.S. in information-related technology.
Changes in technology and needs, topics, and future trends
◊ Administration: As is normally the case, the government with its great respect for precedents and
conventions was slower to embrace IT than was the private sector, but over time the government
steadily developed its network infrastructure as it revised legislation, including the Freedom of
Information Law, and started making active use of the internet to provide access to the information and
services of its ministries and agencies. Local pioneering information communication systems
manufacturers, research institutions and universities led local governments in building participatory
communities among residents, and attempted to provide administrative information electronically to
residents and introduce a semi-direct democratic public polling system.
◊ Local governments with forward-thinking leadership computerized document control and built up the
framework for dialog with residents using the internet, and they were soon followed in their IT
evolution by other local governments. Following the enactment of the IT Basic Law in December 2000,
the government announced the e-Japan strategy in January 2001. This initiative focused on building an
ultra-high-speed network infrastructure, establishing rules and the environment for e-commerce, and
fostering the IT personnel who can translate the idea of electronic government into reality with the aim
of enabling Japan to catch up to and surpass the rest of the world in IT. Nonetheless, as can be seen in
the responses to topics 82, 84 and 87, changing the public’s values and organizational views about full-
scale electronic courts and elections is expected to take considerable time, and their realization is
forecasted to be later than previously thought. As for administrative services, their fundamental
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principle is that they are provided equitably to all residents, and while building an IT structure that
reaches to the very grass-roots level of municipalities requires effort by the government in education
and capital investment, including the deployment of IT staff, experts are quite optimistic about the early
realization of these topics (83 and 85).
◊ Industry: As a part of its reform of management efficiency and review of business style, Japanese
industry is beginning to adopt the U.S.-originated “IT solution” as a trump card to revitalize companies
following the collapse of the bubble economy. We started seeing a whole series of three-letter acronyms
such as SCM, BPR, SFA and KMS in the media, and the SI solution business flourished. Engineers
scrambled to gain the qualifications required to handle software products. The U.S.-style SI solution
business is expanding rapidly in conjunction with the growing need for IT personnel training. In the
light of this trend, IT-related topics are forecasted to be realized relatively early in five to ten years
(topics 89, 91 and 93).
◊ The rapid spread of mobile terminals — the key devices of the IT revolution — is offering companies a
broad range of business models. Although interest in SOHO is high, concrete trends have yet to appear.
This is reflected in responses to topic 94. With advances in IT, companies are becoming more customer-
oriented, and are placing greater focus on web-marketing, CRM, and call center functions. In particular,
system integration businesses, which work for companies across all industries, must design system
specifications for their client companies that take into account the demands of the end consumers, i.e.
the “customers of the customers”.
◊ When developing system business, companies must ensure standard processes and structures to
facilitate supply and cooperation. Under the leadership of the U.S. and Europe, ISO/IEEExxxx are
proposed as international standards for developing business forms and data print-outs, ensuring
reliability, and maintaining security. One example marking the shift to globalization in the IT industry is
the requirement for system business vendors to have standards certification before they are eligible to
tender for business.
◊ E-business adopted by IBM and given further momentum by Microsoft and other U.S. information
companies created countless “dot.com” millionaires, but it started to lose a lot of its shine as the net
bubble burst. Despite this, however, the technological evolution generated by IT-related IC devices is
being underpinned by improvements in HDD and communications function specifications, and there is
no doubt this trend will continue. Business models created from this will survive and continue to move
forward even after the IT bubble has deflated.
◊ Transport: Major changes were seen especially in automobiles and railways. In ITS, automatic fare
collection systems are being established and studies into wireless communication between roadside and
vehicle and between vehicles using Bluetooth technology have begun. One good example of applied
information technology developed in Japan is the car navigation system. Once prohibitively expensive,
these systems are becoming more price competitive as their use becomes more widespread, and they are
now starting to be fitted to cars outside of Japan. As CD evolved into DVD, contents became richer, and
the human interface, i.e. noise-resistant voice recognition and input and high quality voice synthesis and
response, improved. These systems are now becoming an essential part of cars in today’s information
era. The experts acknowledged that this major step in information technology would take longer than
the corresponding advances in office IT (topic 86). The spread of car navigation systems brought image
terminals into cars, and led to the greater use of miniature high performance digital cameras. As a result,
cars could be fitted with anti-collision warning systems that combine rear monitoring and image
processing, and this is laying the foundations for future automatic driving systems. In addition, GPS and
PHS positioning technology is advancing rapidly, and is starting to be used or is being considered for
use in preventing vehicle theft, locating elderly people who tend to wander off, and providing evidence
of industrial waste disposal routes.
◊ Railways are attempting to put the brakes on the slide in passenger numbers due to the decline in the
proportion of children in the population and the greater use of cars by providing information services
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using the fiber trunk network laid beside the tracks. In the first step to realizing a future dream,
experimental trials are being carried out on wireless IC cards that can be used in non-contact season
ticket systems and for payment at department stores run by the railway group, and information service
systems through which it is possible to download contents to mobile information terminals while
moving. The spread of mobile phones opened up the possibilities of two-way communication between
railway staff and between passengers’ station staff and passengers during an accident or breakdown. As
a result of recent upgrades and improvements, convenience stores or municipal branch offices have now
been established in some stations. Therefore, stations are currently in the process of a steady change
from mere gateways to transportation services to advanced information centers.
◊ Distribution: Various changes in IT are having a major impact on distribution. In e–commerce, one of
the key business models in the IT era, companies are developing EC verification systems and other
mechanisms for ensuring security, and while e-commerce is showing signs of slowing down in the U.S.,
it will survive in a form linked to physical business. It is probably inevitable that internet-based
commerce will become firmly established as the number of female users grow. Distribution demand for
SCM and EC is expected to continue expanding. Unlike the just-in-time system, in which the amount of
stock held is reduced with the burden carried by the supplier, SCM can be expected to deliver total
production cost savings through adjustment between vendor and manufacturer, and through greater
information sharing. For the distribution of information contents, advances are being made in
information filtering and expression standardization technology, and we can probably expect to see its
advanced application relatively soon (topic 92).
◊ Peripheral topics such as social systems: School education is heading toward a period of change as the
child population rate falls, and various reviews have been undertaken, including amendments to
legislation. The development of systems and contents such as e-Learning and d-Learning that takes into
account measures to counter the digital divide accompanying the processes of aging, restructuring and
administrative reform is moving ahead, and the standardization of contents production has begun at the
international level. Respondents expect the topics (95 and 96) to be realized over the next ten years, and
their comments also give a feeling of their high expectations in this area. Accompanying the
introduction of solutions has been the growth of outsourcing ASP business, in which some company
functions are carried out externally, while functional cooperation with other companies and the
establishment of branch companies have been carried out actively as a part of business reform. We are
also beginning to see in Japanese production the emergence of fabless companies that follow the
American model and outsource their factory functions.
(Masana Minami)
2.1.9. Overall outlook — 1
Here we gain an overall picture of the field without considering domain classification, and list the
topics thought to be important in the future, including topics duplicated in other fields.
(1) Interdisciplinary research with other fields is essential
Not only is information processing an important academic field in itself, it is also a key driving force
for R&D in other fields, and plays a role of cultivating new social applications, i.e. it has the responsibility
of cultivating a new future in both science and society.
From this perspective, interdisciplinary research is essential in science and technology, and should
also contribute to the opening up of new social systems through cooperation with the social sciences, and
to product development that generates new demand.
Both e-commerce and electronic government face issues that cannot be solved by technology alone.
Researchers and engineers in the information processing field should aggressively confront these issues,
and where necessary develop trial systems that can clearly show their value and usefulness. That is, in
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information processing we should be creating technological trends rather than simply forecasting them.
(2) Use of GIPS and Gbps
Computer and network performance has improved much more than expected due to remarkable
advances in semiconductor and optical technology. One of the crucial questions facing the information
processing field is how to utilize this abundant capacity. Films on demand may be fine, but we only have a
limited number of hours in a day, and we cannot keep watching movies all the time. If, for example, we
have on-demand TV with 500 channels, where would we get the contents to fill those 500 channels? To
make a even a 30-minute program of satisfying quality costs tens of millions of yen.
We therefore need to develop new traffic sources that have not even been thought of as yet, and
produce new contents that go beyond current concepts. One possibility is network transformation to
massive real-time control systems incorporating sensors.
(3) Solution-oriented technology
What is critical in information processing is the capability for timely and economically efficient
development of desired or completely new systems. Without this, information science is nothing but
theory. Solution-oriented technology requires not just improved software productivity, but the skills to
comprehend users’ demands and apply them to the specifications, and also the BRP concept of how the
introduction of the system can reform the subject organization. We should also make every effort to
develop composite technologies such as these.
(4) Networks
Today one in three Japanese have some form of mobile device, commerce is being conducted
extensively over the internet, and our lives are intertwined over networks. What path should we follow
with mobile devices? That is, what range of applications should they contain? Are there any killer
applications? Or will the focus on an abundance of minor services in an extension of the current iMode
continue? Who will take the lead in developing this need? Engineers at manufacturing companies? Or
young female students at Harajuku?
Whatever service we think of, we cannot neglect security. No one would argue that individual
certification or encoding is of vital importance. But have we forgotten the basics, such as developing a
more secure OS? Engineers boldly declare that there are no more outstanding issues in OS research, but is
this really so?
(Yoichi Muraoka)
2.1.10. Overall outlook — 2
Of the 96 topics in “Information and communication”, 37 are unchanged (remained unchanged from
the previous survey), 40 are revised (partially revised from the previous survey, and 19 are new. We
compared the forecasted realization times for the 37 unchanged topics in this survey with the previous
survey, and all 37 are forecasted to be realized later. The realization times for items that showed no distinct
sign of potential for realization between the last survey and this survey are often delayed, but it should also
be noted there is a positive correlation between the degree of importance index and the delay to the
forecasted realization time. Considering its goal of becoming a world IT leader, Japan should feel some
concern about the substantial delays in the forecasted realization times of topics connected with software
infrastructure, such as topics 20, 50 and 54. Japan has depended on the U.S. for software that forms the
base of information communication technology, such as OS and router software, but over the last ten years
there has been a growing pessimism in Japan as the nation’s influence declines with the prolonged
recession and as the clouds hanging over U.S. dot.com companies grow darker. On the other hand, though,
it is not all pessimism in Japan’s software development. For example, the forecasted realization time of
topic 46 has hardly changed, while its degree of importance has risen. Of course, this could also mean the
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overseas development of software capable of beating a Shogi champion. Nonetheless, Japanese software is
achieving some success in the TRON OS project. It is important for Japan to maintain and improve such
software development capabilities if it is to become an IT power.
(Hitoshi Aida)
2.1.11. Overall outlook — 3
(1) Many of the top 20 topics in degree of importance are network-related. Of these, respondents
showed a high interest in topics dealing with security and its application, such as copyright, protection
of privacy and secrecy, signatures and verification, and measures to combat viruses and hackers (e.g.
topics 19, 65, 20, 54, 83 and 90). We can say that the spotlight is focusing on security-related topics as
the growth of the internet facilitates the flow of information and delivers greater convenience to the
individual.
There is also high interest in topics dealing with network and terminal basic needs, such as “cheaper”,
“faster (broadband)”, and “from anywhere” (e.g. topics 18, 12, 21, 17 and 23).
(2) When asked about leading countries, a high percentage of experts pointed to the U.S. and Japan. A
comparison between the two indicates the following general trends. Japan has the ascendancy in
technology for reducing size, increasing density or raising performance in devices (e.g. topics 04, 26,
and 12), while the USA is on top in software based on new concepts or complex theories (e.g. 20, 42,
and 01) and in the spread of new technologies in society (e.g. 93 and 94). In broadcasting they are
generally the same or Japan tends to be slightly stronger.
(3) The forecasted realization time for all 37 unchanged topics has been put back an average of 3–4
years from the previous survey. Many of these topics are forecasted to be realized in 10–15 years, and
many are connected with the human information processing mechanism (e.g. topics 01, 28, 29, 34, 35,
36, 38, 40, 44, 46, 47, 51, 60, 61 and 73). These topics would seen to be readily achievable considering
recent rapid technological innovation, but actually they are proving difficult to realize, so we are
looking forward to some breakthroughs in the future.
(Sadao Obana)
2.1.12. Overall outlook — 4
Here we will look at the progress of science and technology over the past 40 years from a macro
perspective, and, extrapolating from those trends, identify pivotal domains in information and
communication over the next 30 years. The following three items are universal principles that will
underpin science and technology progress for the next 30 years.
(1) As research into the properties of even more microscopic substances from molecules to atoms to
elementary particles revealed the characteristics of molecular- and atom-level substances, elements with
microstructures, typified by transistors that utilize those properties, hastened the development of
computer technology. Future research into the ultimate structure of substances will also be tied in with
solving the mysteries of space, and the fruits of this research will be widely utilized in the information
and communication field.
(2) Humans (organisms) have always been the ultimate research target of scientists. Their outstanding
mechanisms have been worthy of true wonderment, and there still much to research. Research in the
past has made steady progress in immune systems and gene analysis, and the pace of this progress has
increased over recent years. This insatiable hunger to research and understand humans (organisms) will
continue, and lead to the discovery of vast amounts of new knowledge.
(3) From the beginning, humans have been equipped with a brain that has enabled us to think and
communicate, and since our first attempts at reading and writing, humans have made spectacular
improvements to thinking and communication capabilities through advances in science and technology.
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Research into improving human communication capabilities and brainpower will continue, focusing on
network technology, which is expected to develop rapidly in the years ahead.
One of the items connected with (1) above that is attracting attention these days is quantum
computing. In the 1930s mathematician Alan Turing posited a machine that became the basis for modern-
day computers, and these days focus of attention is on the quantum computer put forward by David
Deutsch in 1985. Considering the timeframe of these two proposals, there seems to be every possibility
that in 30 years we will be able to buy quantum computers for roughly the same price as a PC. There is
also every likelihood that major changes will be made to peripheral information and communication
technology as well.
As for (2) above, these days there is a lot of talk about biotechnology, and this is opening the doors to
a range of new science and technology fields. In biotechnology, proteins form living organisms, and
contain aspects considered to be difficult under current engineering; that is, the processes by which a
single cell contains the overall blueprint, and embodies structures and information wiring according to the
blueprint while undergoing self-growth. This mechanism is the ultimate system design technology and is a
source of amazement to present-day system designers. Much of the knowledge gained in the
biotechnology field will form the technology that information and communication systems imitate or
apply.
One example is bioarchitecture computing. This will mark the effective use of the capabilities of
living bodies in the information processing field. It can be applied in computers that use living tissue, in
designs of functional structures that regenerate automatically, and in combating viruses by feeding into the
human body proteins designed through the software description of immunity functions.
Item (3) is research in the information and communication field itself. In 30 years, communication
speed will have risen by a factor of 103–6, computing speed will be much faster, and memory capacity per
unit volume will be much greater. Information and communication is a base technology for all industry, so
we can expect to see tremendous advances in innovative software technology that makes full use of
improved hardware performance, application technology, and the technology for integrating these with
technologies in other fields.
One example of this integration technology is human robotics, in which information processing (AI,
image processing) and communication is integrated into robots. This will require social rules (legislation
and general rules) under which humans and robots cooperate (robots provide help to the elderly or
disabled, perform hazardous work, carry out medical procedures requiring high precision, etc.) — (a world
described by Osamu Tezuka, creator of the Astro Boy cartoon character).
(Jun-ichi Mizusawa)
2.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
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Topic Framework for Information and Communications field
Technology ApplicationDomain
Objective
A:
Computers
B:
Communi-
cation
C:
Broad-
casting
D:
Software
E:
Contents
F:
Lifestyle,
welfare,
education
and culture
G:
Administra-
tion,
industry,
transporta-
tion and
distribution
Search for new
principles
01 11 35
High integration,
miniaturization, large
volume, high speed,
super paral-leling,
advanced functions,
high output, and low
cost
02 03 04
05 06 07
08
12 13 14
15 16 17
25 26 27
28 29 30
31
36 37 38
 39
51 52 56 57 58
59
80 81 82
Large scale and wide
area
18 32 33 60 61 83 84 85
86
High reliability and
safety
19 20 62 63 64
65 66 67
Intelligence,
flexibility, ease of
use and universal
design
21 22 23 34 40 41 42
43 44 45
46 47 48
49
53 54 55 68 69 70
71 72 73
74 75 76
77
87 88 89
90 91 92
Low environmental
load
09 10
High productivity 24 50 78 79 93 94
<Peripheral topics such as social systems>   95 96
2.3. Topics with high degree of importance
The following summarizes the responses (excluding those by respondents who indicated “none” in
expertise) on degree of importance to Japan. The overall importance index for the “Information and
communication” field is 60.5. The following table shows the top 20 topics in degree of importance. Topics
connected with security technology were assessed as being the most important, while network-related
topics were also given a relatively high degree of importance.
Table 3.2-1   Top 20 topics in terms of degree of importance
Topic Importanceindex
Forecasted
realization time
19: Widespread use of highly reliable network systems capable of protecting
the privacy and secrecy of individuals and groups from the intrusion of ill-
intentioned network intruders.
93 2010
18: Realization of an environment in which the unlimited utilization of high-
capacity networks (150 Mbps) for around 2,000 yen/month or less is
possible.
92 2009
50: Advances in software inspection and verification technology, enabling
error-free, large-scale software to be developed in a short period of time. 89 2019
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Topic Importanceindex
Forecasted
realization time
79: Practical use of integrated building management systems and home
security systems which are linked to an earthquake detection system, and
take advantage of the time delay to the arrival of seismic waves from a
non-direct-hit earthquake to initiate the necessary safety measures to
protect human life.
88 2016
65: Widespread use of online seal-free (signature-free) document preparation
services for various official documents such as contracts which are
provided via a network based on security technology capable of achieving
both privacy protection and verification.
86 2010
12: Widespread use of systems which facilitate multimedia communication
from anywhere in the world using pocketbook-size portable terminals. 85 2008
10: The number of recycled parts in new personal computers, including
displays, exceeds 90% of all component parts. 84 2012
15: Development of an optical transmission system capable of high-volume
transmission of 1 Peta bps per optical fiber. 82 2013
91: Widespread use of a SCM (supply chain management) system to handle
data management (orders, design, manufacturing, operations, and
maintenance) uniformly among related companies.
81 2008
21: Development of a super high-speed computer communication protocol
capable of achieving a throughput of tens of Gbps. 81 2009
20: Development of technology capable of automatically detecting viruses
and automatically producing corresponding vaccines. 81 2013
17: Widespread use of mobile communication terminals with a
communication speed of 30 Mbps when used outdoors. 80 2011
23: Widespread use of portable terminals capable of voice communication
from anywhere in the world. 80 2007
54: Widespread use of a security technology that automatically monitors
illicit activities involving network ethics, such as copyright infringement
concerning multimedia software use over a network and the violation of
privacy.
79 2012
89: Realization of a more paperless and efficient office environment in a
majority of companies regardless of size through a steady shift to
electronic and network processing for most office work.
79 2011
83: Widespread use of government office services through networks
regarding applications and general procedures. 79 2009
13: Practical use of optical switching equipment that switches light signals as
light without converting them into electronic signals. 77 2011
39: Development of browsers with a multilingual automatic translation
function that enables users to read in their own language most web pages
written in other various languages.
76 2011
09: Widespread use of low-energy personal computers capable of running for
one full year on a single button-type battery. 74 2016
90: Widespread use of electronic money for cash transactions to the extent
that it has the same feeling as using conventional money. 74 2013
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2.4. Forecasted realization times
The following figure shows the distribution of forecasted realization times. A comparison between all
topics and topics in “Information and communications” shows that while roughly half of the information
and communication topics are forecasted to be realized in 2011–15 with the peak the same as for all topics,
“Information and communication” has a higher percentage of topics with an earlier forecasted realization
time of 2006–2010.
Figure3.2-1   Forecasted realization times
 2.5. Current leading countries
The following figure shows the results for current leading countries. In the overall information and
communication field, USA is the top country with 71.7%, followed by Japan with 49.4%, and the EU with
about one fifth that of Japan.
Figure 3.2-2   Current leading countries (%)
2.6. Comparison with the 6th survey
Of the 96 topics, 37 (39%) are unchanged (remained unchanged from the previous survey), 40 (41%)
are revised (partially revised from the previous survey, and 19 (20%) are new. The following table
compares degree of importance percentages and forecasted realization times for unchanged topics in this
survey and the last survey.
On degree of importance, 15 topics recorded a higher importance index, 18 recorded a lower index,
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and four remained the same.
The forecasted realization times for all 37 topics are later in this survey than in the last survey.
Table 3.2-2   Comparison with 6th survey for identical topics
Importance index/
Forecasted realization timeTopic
7th survey 6th survey
01:Practical use of bio-computers based on a new algorithm which takes
into account the organic information processing system. 58 / 2019 60 / 2016
03:Widespread use of pocketbook-size, motor-less (all silicone)
multimedia devices capable of operating for about 3 hours. 67 / 2007 73 / 2005
04:Development of 5,000 dpi high-quality color printers. 47 / 2008 53 / 2005
05:Widespread use of sound field shielding technology capable of isolating
a specific spatial area from the surrounding noise. 44 / 2014 52 / 2009
07:Development of complete solid angle 4π dome-shaped three-
dimensional display (for space exploration simulation, etc.). 39/ 2009 40 / 2006
08:Widespread use of portable electronic notebooks that offer the same
level of flexibility as paper (thin and pliable). 65 / 2014 67 / 2012
09:Widespread use of low-energy personal computers capable of running
for one full year on a single button-type battery. 74 / 2016 75 / 2012
11:Practical use of an atomic frequency standard with stability and
accuracy levels of  10-16–10-17. 50 / 2014 52 / 2012
13:Practical use of optical switching equipment that switches light signals
as light without converting them into electronic signals. 77 / 2011 71 / 2009
14:Development of satellite communication technology incorporating
ultra-broadband transponders etc. with a transmission capacity of at least
1 Gbps per transponder.
65 / 2011 60 / 2008
19:Widespread use of highly reliable network systems capable of
protecting the privacy and secrecy of individuals and groups from the
intrusion of ill-intentioned network intruders.
93 / 2010 91 / 2007
20:Development of technology capable of automatically detecting viruses
and automatically producing corresponding vaccines. 81 / 2013 72 / 2009
25:Practical use of semiconductor microwave amplifiers with high outputs
comparable to those of TWTs (traveling wave tubes), leading to their
application in broadcasting satellites etc.
52 / 2012 58 / 2009
27:Widespread use of control technology that can fix a sound image at any
desired location in space. 42 / 2012 42 / 2007
28:Practical use of a support system for visually-impaired persons that
converts visual images into audible sounds based on image recognition
technology.
53 / 2015 54 / 2013
29:Development of a 3-D TV system capable of displaying hidden portions
of an object in response to a shift in the focus of the eye. 50 / 2013 46 / 2011
31:Practical use of large-scale adaptive digital filters that eliminate
howling caused by interference between microphones and speakers, and
deterioration in sound quality.
42 / 2010 45 / 2006
32:Practical use of a seamless broadband connection that makes broadband
services of at least 100 Mbps accessible not only from indoor terminals
such as those in offices, but from outdoor portable information terminals
and mobile systems as well.
71 / 2013 65 / 2010
34:Development of household TV sets equipped with a real-time language
translation function. 67 / 2016 60 / 2013
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Importance index/
Forecasted realization timeTopic
7th survey 6th survey
35:Elucidation of human creative mechanism to such an extent that allows
to apply to computer science. 71 / 2028 71 / 2023
36:Development of systems capable of recognizing and understanding
expressions which use metaphors to express information. 49 / 2018 40 / 2014
38:Development of multipurpose assessment methods for taste, smell, etc.,
which do not depend upon the physical senses of humans. 46 / 2015 45 / 2011
40:Widespread use of portable conversation devices which convert the
volition of disabled individuals into speech. 59 / 2014 60 / 2011
44:Development of technology for quantitatively measuring comfort
sensations such as wearing, riding, and coziness. 49 / 2015 46 / 2010
46:Development of computer program which beats professional Shogi
(Japanese Chess) champions. 33 / 2014 28 / 2013
47:Practical use of high-quality speech synthesizing technologies for
converting written information into speech of a quality level nearly
equal to that of human speech automatically.
60 / 2011 60 / 2007
50:Advances in software inspection and verification technology, enabling
error-free, large-scale software to be developed in a short period of time. 89 / 2019 83 / 2012
51:Development of TV program production technology capable of
converting a scenario to an actual visual format. 39 / 2015 41 / 2014
54:Widespread use of a security technology that automatically monitors
illicit activities involving network ethics, such as copyright infringement
concerning multimedia software use over a network and the violation of
privacy.
79 / 2012 81 / 2009
56:Widespread use of a multipurpose ID card system with wireless
communication capability. 66 / 2009 66 / 2005
60:Widespread use of 3-D teleconferencing based on highly realistic 3-D
imaging devices. 45 / 2014 44 / 2013
61:Widespread use of communication systems designed to closely
interconnect satellite offices via a network through, for example, an
image display covering an entire wall for a highly realistic visual effect.
49 / 2012 52 / 2009
62:Weather for up to one week in advance will be able to be forecasted
with at least 95% accuracy. 63 / 2019 67 / 2012
65:Widespread use of online seal-free (signature-free) document
preparation services for various official documents such as contracts
which are provided via a network based on security technology capable
of achieving both privacy protection and verification.
86 / 2010 79 / 2008
73:Practical use of media conversion technologies such as a sign language
interpretation communication system enabling a hearing-impaired
person and a healthy person to communicate with each other at a great
distance.
52 / 2013 58 / 2009
79:Practical use of integrated building management systems and home
security systems which are linked to an earthquake detection system,
and take advantage of the time delay to the arrival of seismic waves
from a non-direct-hit earthquake to initiate the necessary safety
measures to protect human life.
88 / 2016 86 / 2011
81:Widespread use of battery-free wireless cards in automatic ticket
checking and distribution systems. 68 / 2009 70 / 2004
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2.7. Table of survey results
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1 211 7 32 62 58 30 41 28 1 49 14 22 60
2 158 6 25 68 58 29 45 25 0 48 11 15 71
X 10 100 0 0 73 50 40 10 0 70 40 20 80
1 220 11 44 45 70 48 38 12 1 63 43 11 43
2 166 10 42 49 73 50 40 9 1 72 41 8 42
X 16 100 0 0 88 75 25 0 0 75 81 6 25
1 230 19 40 41 67 42 44 13 1 57 3 80 8
2 176 14 38 48 67 40 50 10 1 53 1 82 5
X 25 100 0 0 77 56 40 4 0 60 0 96 4
1 194 5 35 61 50 18 48 32 2 46 1 61 12
2 144 4 31 65 47 10 60 28 2 47 0 67 8
X 6 100 0 0 50 17 50 33 0 17 0 100 0
1 144 10 20 69 46 15 44 37 4 23 11 83 8
2 122 7 16 77 44 8 51 40 1 20 7 90 3
X 8 100 0 0 78 63 25 13 0 50 0 75 0
1 212 11 30 58 69 44 45 11 0 59 33 65 8
2 159 8 25 67 73 51 38 11 0 58 28 72 4
X 13 100 0 0 79 62 31 8 0 69 31 77 15
1 153 11 27 61 42 11 38 50 1 29 8 38 39
2 115 10 27 63 39 6 36 58 0 23 3 50 36
X 11 100 0 0 50 18 45 36 0 18 9 55 36
1 200 12 27 62 66 41 44 13 3 51 11 80 14
2 160 10 23 68 65 35 56 8 1 48 8 84 11
X 16 100 0 0 75 50 50 0 0 50 6 88 13
1 210 8 28 64 70 48 40 11 2 55 32 68 8
2 161 7 26 67 74 52 40 7 0 54 28 72 4
X 11 100 0 0 86 73 27 0 0 64 45 82 9
1 197 7 21 73 79 60 35 5 1 34 88 19 2
2 155 4 20 76 84 70 26 3 0 28 89 12 1
X 6 100 0 0 88 83 0 17 0 17 83 33 17
Practical use of bio-computers based on a new
algorithm which takes into account the organic
information processing system.
Practical use of parallel computers with one
million processors and with a computational
speed in the order of 1 Peta Flops.
Widespread use of pocketbook-size, motor-less
(all silicone) multimedia devices capable of
operating for about 3 hours.
Development of 5,000 dpi high-quality color
printers.
Widespread use of sound field shielding
technology capable of isolating a specific spatial
area from the surrounding noise.
Practical use of portable computers powered
primarily by solar battery or fuel battery.
Development of complete solid angle 4π dome-
shaped three-dimensional display (for space
exploration simulation, etc.).
Widespread use of portable electronic notebooks
that offer the same level of flexibility as paper
(thin and pliable).
Widespread use of low-energy personal
computers capable of running for one full year on
a single button-type battery.
The number of recycled parts in new personal
computers, including displays, exceeds 90% of all
component parts.
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3 8 11 84 5 0 13 68 28 49 49 5 3 2 3 2 11 35 2
10 0 10 80 20 0 10 80 20 50 80 0 0 0 0 0 10 20 0
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9 0 64 73 9 0 0 36 64 45 64 27 0 0 0 9 18 9 9
8 4 48 33 46 2 14 14 34 28 30 18 14 44 1 12 6 1 5
7 2 57 27 53 1 10 8 41 21 36 12 6 57 0 12 6 1 3
17 0 67 17 33 0 0 17 50 0 0 33 17 33 0 0 0 0 17
Leading countries (%)Forecasted realization time
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1 77 10 21 69 51 18 53 25 4 43 17 10 51
2 65 9 15 75 50 13 62 25 0 49 9 5 54
X 6 100 0 0 67 33 67 0 0 33 17 17 67
1 265 23 40 37 81 66 28 5 1 77 13 75 16
2 206 21 40 39 85 72 26 1 0 80 8 79 11
X 43 100 0 0 94 88 12 0 0 88 9 86 21
1 175 18 31 50 72 49 44 8 0 89 14 26 10
2 141 19 28 52 77 57 38 5 0 93 6 20 5
X 27 100 0 0 83 70 22 7 0 89 7 22 7
1 161 16 33 51 65 38 48 14 1 83 17 30 12
2 125 16 30 54 65 35 56 8 1 91 8 28 8
X 20 100 0 0 69 50 30 15 5 80 10 40 5
1 166 19 29 52 79 61 31 8 0 91 17 34 12
2 132 17 28 55 82 67 27 6 0 97 11 30 8
X 22 100 0 0 93 86 14 0 0 95 14 27 9
1 100 19 24 57 70 47 39 12 1 80 13 26 29
2 84 17 24 60 74 53 37 10 0 93 7 20 17
X 14 100 0 0 80 64 29 7 0 93 0 14 14
1 219 22 32 46 74 52 39 9 0 70 6 73 12
2 172 19 31 49 80 63 31 5 0 77 3 79 4
X 33 100 0 0 89 79 18 3 0 82 9 91 15
1 252 20 37 43 86 74 22 4 0 80 8 78 21
2 196 18 35 47 92 86 11 3 0 89 3 81 12
X 36 100 0 0 99 97 3 0 0 97 6 89 14
1 244 17 36 47 87 75 24 0 1 74 15 69 13
2 189 18 33 49 93 87 13 1 0 81 12 72 7
X 34 100 0 0 96 91 9 0 0 82 26 76 9
1 205 12 28 60 76 55 39 4 1 68 17 62 15
2 163 13 25 61 81 62 37 1 0 71 10 66 6
X 22 100 0 0 93 86 14 0 0 82 27 55 14
Practical use of an atomic frequency standard
with stability and accuracy levels of  10-16–10-17.
Widespread use of systems which facilitate
multimedia communication from anywhere in the
world using pocketbook-size portable terminals.
Practical use of optical switching equipment that
switches light signals as light without converting
them into electronic signals.
Development of satellite communication
technology incorporating ultra-broadband
transponders etc. with a transmission capacity of
at least 1 Gbps per transponder.
Development of an optical transmission system
capable of high-volume transmission of 1 Peta
bps per optical fiber.
Development of a quantum optical
communication system capable of suppressing
almost all noise generated by optical amplifiers
(capable of shot-noise-limit communication).
Widespread use of mobile communication
terminals with a communication speed of 30
Mbps when used outdoors.
Realization of an environment in which the
unlimited utilization of high-capacity networks
(150 Mbps) for around 2,000 yen/month or less is
possible.
Widespread use of highly reliable network
systems capable of protecting the privacy and
secrecy of individuals and groups from the
intrusion of ill-intentioned network intruders.
Development of technology capable of
automatically detecting viruses and automatically
producing corresponding vaccines.
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3 22 35 57 21 0 27 22 22 36 45 1 3 1 0 3 5 1 8
3 22 28 68 12 0 20 15 17 37 60 0 0 0 0 3 5 2 2
0 17 50 67 17 0 17 17 33 33 50 0 0 0 0 17 17 0 0
1 0 82 72 35 1 2 18 31 23 42 31 48 4 2 5 17 25 2
1 1 85 67 29 0 0 14 26 16 50 30 54 2 1 1 16 33 1
0 0 91 65 44 0 0 21 28 14 47 35 56 7 0 2 16 37 2
1 5 67 72 16 0 6 23 35 40 58 9 11 0 1 3 8 4 4
1 1 66 84 7 0 3 21 30 40 68 5 11 0 0 3 10 4 1
4 0 70 89 15 0 0 30 30 44 74 7 15 0 0 4 11 0 4
2 3 48 84 19 1 6 19 34 42 52 4 24 1 0 7 9 5 3
2 1 38 93 8 1 2 16 26 40 59 3 18 2 0 4 9 4 1
5 0 55 90 15 0 0 15 25 60 70 0 15 5 0 0 15 0 5
4 5 78 74 13 0 6 22 34 47 54 4 13 0 1 4 5 5 4
4 1 82 73 5 0 5 20 29 47 70 2 5 0 1 2 7 5 2
14 0 91 59 9 0 0 32 14 64 73 0 0 0 0 5 9 0 5
4 7 48 77 18 0 10 44 40 48 53 4 8 1 0 6 7 3 3
6 10 42 83 13 0 8 42 30 46 61 0 4 0 0 5 11 2 1
14 21 36 86 29 0 7 29 21 50 43 0 0 0 0 7 21 0 7
0 1 75 74 38 0 1 18 29 27 49 16 39 2 0 5 16 11 2
0 0 82 75 31 1 0 11 20 24 58 14 44 1 1 4 18 10 0
0 0 91 67 52 0 0 18 27 33 67 21 45 3 0 12 27 9 0
3 1 37 89 16 1 3 8 20 19 29 28 63 7 3 2 14 17 3
2 1 30 92 10 1 1 6 12 13 31 28 75 5 2 2 13 17 1
0 0 33 92 8 0 0 3 22 19 31 31 78 3 3 3 22 22 3
11 4 18 91 16 3 3 43 28 32 40 19 22 29 2 1 18 16 3
13 2 14 93 12 2 1 53 24 29 48 17 17 26 2 0 18 15 1
29 0 21 91 21 9 3 53 29 29 41 24 15 21 6 0 24 24 3
22 9 11 89 7 3 4 43 21 35 31 20 10 15 0 0 16 12 2
20 5 7 92 5 2 2 60 16 40 36 15 7 13 0 0 18 12 1
36 0 9 82 27 5 0 55 23 32 32 9 0 9 0 0 18 18 0
Leading countries (%)Forecasted realization time
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1 176 19 30 51 74 53 39 6 2 88 13 32 21
2 139 21 27 53 81 64 33 3 0 91 11 29 15
X 29 100 0 0 88 79 18 4 0 90 28 28 28
1 239 23 35 42 60 30 50 18 1 55 2 80 17
2 183 22 33 45 61 28 60 11 1 53 1 89 7
X 40 100 0 0 73 50 43 5 3 63 5 90 15
1 261 23 29 48 75 55 36 8 0 75 22 72 10
2 202 19 31 50 80 61 37 2 0 79 12 74 5
X 39 100 0 0 82 64 36 0 0 74 26 72 10
1 220 17 29 54 66 40 45 12 3 75 7 41 8
2 172 17 27 56 68 40 51 8 1 85 4 35 5
X 30 100 0 0 79 60 37 3 0 87 3 40 7
1 103 18 28 53 55 21 54 24 0 75 15 24 6
2 78 14 32 54 52 17 58 25 0 86 6 14 3
X 11 100 0 0 58 20 70 10 0 82 0 18 9
1 158 12 24 64 66 38 48 14 0 64 7 52 30
2 116 9 25 66 61 28 58 13 0 69 2 57 17
X 11 100 0 0 78 60 30 10 0 64 0 64 36
1 121 10 31 59 43 9 43 47 1 30 2 69 26
2 93 12 24 65 42 8 46 46 0 23 0 82 13
X 11 100 0 0 57 27 45 27 0 36 0 82 9
1 179 17 26 58 55 22 53 25 0 21 4 94 14
2 131 17 23 60 53 17 59 24 0 17 2 95 8
X 22 100 0 0 70 45 45 9 0 23 5 91 18
1 176 16 20 63 50 16 51 33 1 46 2 70 22
2 134 18 16 66 50 15 57 28 0 44 1 79 16
X 24 100 0 0 66 33 63 4 0 50 0 79 29
1 165 16 28 56 65 35 56 9 1 69 4 61 16
2 121 17 30 53 64 32 60 9 0 73 2 64 7
X 21 100 0 0 79 57 43 0 0 76 0 81 5
Development of a super high-speed computer
communication protocol capable of achieving a
throughput of tens of Gbps.
Practical use of “electronic secretary” terminals
featuring an information agent function for
schedule management and database access, as
well as voice recognition and fuzzy search
functions.
Widespread use of portable terminals capable of
voice communication from anywhere in the
world.
Practical use of administration systems which
conduct network connection and operation
automatically and do not require a network
administrator.
Practical use of semiconductor microwave
amplifiers with high outputs comparable to those
of TWTs (traveling wave tubes), leading to their
application in broadcasting satellites etc.
Development of a 4,000 x 4,000 pixel high-
definition image sensor.
Widespread use of control technology that can fix
a sound image at any desired location in space.
Practical use of a support system for visually-
impaired persons that converts visual images into
audible sounds based on image recognition
technology.
Development of a 3-D TV system capable of
displaying hidden portions of an object in
response to a shift in the focus of the eye.
Practical use of an ultra-low bit rate encoding method for
high quality video and sound signals that are almost
indistinguishable from the original signals (at 4 Mbps or less
for HDTV-quality images with a 1/250 data compression,
and 32 Kbps or less for CD-quality sounds).
C
om
m
un
ic
at
io
ns
B
ro
ad
ca
st
in
g
29
30
28
25
26
24
23
21
27
22
Expected effect (%)
So
ci
oe
co
no
m
ic
 d
ev
el
op
m
en
t
Ex
pa
ns
io
n 
of
 in
te
lle
ct
ua
l r
es
ou
rc
es
Pe
op
le
's 
ne
ed
s
D
iv
is
io
n
N
um
be
r o
f r
es
po
nd
en
ts
Q
ue
st
io
nn
ai
re
 ro
un
d
Degree of
expertise (%)
To
pi
c 
se
ria
l N
o.
R
es
ol
ut
io
n 
of
 g
lo
ba
l p
ro
bl
em
s
Importance (index, %)
Topic
143
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
1 6 30 84 9 1 6 34 31 43 50 10 13 0 2 2 10 10 2
1 2 24 95 7 1 0 40 22 42 65 6 7 0 1 1 12 8 1
3 3 31 83 14 0 0 45 24 45 55 7 7 0 0 0 17 10 3
1 2 49 81 10 0 6 30 26 26 42 30 10 0 2 0 14 18 2
0 1 49 89 9 0 2 30 21 20 57 36 8 1 2 0 12 20 1
0 3 50 90 23 0 0 38 35 33 63 33 8 0 3 0 23 23 3
3 1 70 74 57 1 3 11 21 19 33 18 54 7 3 5 18 15 2
2 1 82 77 56 0 1 10 17 15 37 14 68 4 1 1 22 17 0
3 0 87 77 67 3 0 15 23 13 28 15 64 8 3 3 33 28 0
13 7 19 82 10 0 9 36 22 32 36 21 16 3 0 2 21 10 1
13 3 15 92 6 0 2 42 20 30 49 17 12 2 1 1 22 9 0
33 0 30 90 7 0 3 50 27 33 33 13 7 0 0 0 27 13 0
3 16 59 64 10 0 17 17 28 31 44 6 4 0 0 13 5 3 3
1 13 62 72 6 0 10 15 24 23 62 0 1 0 0 15 3 0 0
9 18 64 64 18 0 0 18 45 27 36 0 0 0 0 18 9 0 0
0 1 89 37 3 0 3 13 27 27 59 13 4 0 1 5 4 9 3
0 0 91 28 2 0 1 9 22 19 76 10 2 0 0 4 3 9 0
0 0 91 64 9 0 0 18 45 27 73 0 0 0 0 9 18 0 0
4 8 55 55 16 0 21 26 22 29 41 13 2 0 0 4 12 12 1
3 8 54 59 14 0 16 22 18 23 53 14 2 0 0 2 13 11 0
0 9 91 45 36 0 0 18 18 36 45 9 0 0 0 9 27 18 0
9 8 41 60 17 1 23 36 31 40 45 12 3 0 0 2 9 9 3
7 5 37 72 13 0 18 41 27 43 60 11 2 0 0 0 10 11 1
14 0 64 73 23 0 0 55 23 45 68 18 5 0 0 0 14 14 0
3 5 57 61 13 0 16 24 29 34 43 11 3 0 0 2 6 13 3
2 4 64 68 9 0 13 25 30 36 60 12 2 0 0 1 5 15 1
4 0 88 63 17 0 0 42 38 21 63 8 4 0 0 0 13 4 0
8 6 62 81 22 0 5 28 34 39 45 12 4 0 0 2 8 11 2
7 2 57 88 17 0 2 22 36 37 55 9 2 0 0 1 7 12 0
14 0 67 86 14 0 0 38 48 38 62 19 0 0 0 5 10 19 0
Leading countries (%)Forecasted realization time
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1 136 10 26 63 44 10 48 41 1 40 2 68 12
2 108 7 23 69 42 5 55 41 0 31 0 90 6
X 8 100 0 0 50 13 63 25 0 50 0 88 0
1 206 17 33 50 71 45 48 7 0 81 3 70 12
2 161 14 35 51 71 44 53 4 0 83 0 73 5
X 22 100 0 0 83 68 27 5 0 82 0 64 14
1 153 17 26 57 59 30 46 24 0 54 3 73 10
2 118 15 25 59 58 28 51 22 0 58 0 81 6
X 18 100 0 0 71 44 50 6 0 56 0 83 11
1 221 14 27 59 65 40 41 16 2 48 14 87 26
2 170 16 25 58 67 42 44 12 1 48 10 89 19
X 28 100 0 0 79 64 25 11 0 50 18 93 25
1 181 17 33 51 68 46 37 15 3 38 9 20 80
2 142 15 30 56 71 50 35 10 4 38 4 16 83
X 21 100 0 0 82 71 19 5 5 33 5 29 86
1 190 17 33 49 49 18 44 35 3 21 3 54 59
2 148 18 30 53 49 15 51 32 2 14 0 58 62
X 26 100 0 0 60 32 48 16 4 35 0 42 73
1 194 20 34 46 62 34 49 15 2 48 8 41 64
2 150 16 37 47 63 32 58 8 2 47 3 37 68
X 24 100 0 0 84 70 26 4 0 54 8 38 79
1 126 13 20 67 49 20 39 41 0 44 6 63 22
2 94 12 16 72 46 16 35 48 0 44 3 74 23
X 11 100 0 0 80 64 27 9 0 55 18 55 36
1 235 17 29 54 71 48 41 10 1 62 18 81 35
2 173 17 28 55 76 55 40 5 1 67 11 81 29
X 29 100 0 0 88 76 24 0 0 76 21 83 52
1 170 10 26 64 61 29 55 16 0 21 6 94 16
2 132 9 20 70 59 26 59 15 0 15 4 94 13
X 12 100 0 0 83 67 33 0 0 33 0 83 25
Practical use of large-scale adaptive digital filters
that eliminate howling caused by interference
between microphones and speakers, and
deterioration in sound quality.
Practical use of a seamless broadband connection that
makes broadband services of at least 100 Mbps
accessible not only from indoor terminals such as those
in offices, but from outdoor portable information
terminals and mobile systems as well.
Widespread use of a broadcasting system enabling clear
HD-TV (20 Mbps) reception even in fluctuating reception
conditions, such as those when travelling in a motor
vehicle or train, through the use of waveform equalizers,
Orthogonal Frequency Division Multiplexing (OFDM),
etc.
Development of household TV sets equipped
with a real-time language translation function.
Elucidation of human creative mechanism to such
an extent that allows to apply to computer
science.
Development of systems capable of recognizing
and understanding expressions which use
metaphors to express information.
Practical use of knowledge bases which discover
and consolidate their knowledge in a consistent
manner through automatic learning.
Development of multipurpose assessment
methods for taste, smell, etc., which do not
depend upon the physical senses of humans.
Development of browsers with a multilingual
automatic translation function that enables users
to read in their own language most web pages
written in other various languages.
Widespread use of portable conversation devices
which convert the volition of disabled individuals
into speech.
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1 7 57 54 15 0 21 18 26 18 40 15 2 0 0 1 3 7 4
0 2 62 60 10 0 16 12 23 10 58 11 2 0 0 1 4 6 1
0 0 88 63 0 0 0 13 13 13 50 13 0 0 0 13 25 13 0
0 2 67 79 30 0 4 17 31 33 50 14 39 2 0 7 15 9 2
1 1 70 86 25 0 2 7 24 29 62 12 48 1 1 5 22 7 0
5 0 77 82 41 0 0 18 32 36 45 18 55 0 0 9 23 18 0
3 3 78 54 32 0 8 19 24 32 48 12 31 1 0 5 12 7 3
3 4 87 55 29 0 4 13 24 22 64 8 33 0 0 3 17 5 0
6 0 89 56 50 0 0 11 28 6 83 0 33 0 0 11 28 11 0
7 5 72 50 29 0 12 39 34 41 51 15 5 0 1 0 4 20 2
6 4 80 45 19 0 8 39 34 38 59 11 4 0 1 0 3 24 1
4 4 89 39 29 0 4 61 50 36 54 14 11 0 4 0 4 11 7
20 17 28 74 24 0 16 59 25 47 34 3 4 2 1 1 8 38 2
20 15 20 83 20 0 11 76 22 48 31 2 0 1 1 0 7 39 0
29 5 38 76 38 0 0 67 19 52 43 0 0 0 5 0 19 24 0
9 9 47 64 20 0 21 51 27 44 36 3 3 1 1 1 6 15 2
11 5 46 76 15 0 14 63 23 49 35 1 1 0 0 0 4 18 1
27 0 77 69 42 0 4 69 23 54 50 0 4 0 0 0 8 23 0
12 5 30 77 18 0 12 51 28 43 40 7 3 1 3 1 9 16 1
13 5 26 85 12 0 7 60 25 45 43 5 3 0 2 1 8 20 1
21 4 42 79 33 0 0 67 21 58 50 8 4 0 4 0 13 21 0
6 6 42 43 18 0 29 42 29 36 37 13 4 0 0 2 9 13 2
4 4 40 47 14 0 26 52 28 31 41 6 0 0 0 0 6 15 0
18 0 55 55 9 0 9 73 27 64 45 9 0 0 0 0 18 9 0
1 4 66 56 39 3 10 40 33 40 49 21 5 0 0 0 3 19 1
1 1 71 59 32 3 5 46 31 39 59 21 3 0 1 0 2 24 1
0 0 79 45 45 0 0 48 28 34 52 17 7 0 3 0 3 14 3
1 9 36 64 26 1 21 39 36 36 57 22 5 2 2 1 6 11 2
0 9 34 73 24 0 16 34 34 31 70 18 4 3 2 1 2 11 1
0 8 50 92 42 0 0 50 33 42 42 17 0 8 8 8 0 8 0
Leading countries (%)Forecasted realization time
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1 180 17 31 52 55 22 56 21 1 64 11 49 18
2 134 16 31 53 56 21 63 16 1 73 5 47 12
X 21 100 0 0 75 52 43 5 0 86 5 48 5
1 165 10 16 74 54 26 46 20 8 33 8 32 69
2 127 9 12 79 52 22 50 19 9 28 5 26 74
X 12 100 0 0 58 33 42 17 8 42 0 17 75
1 189 17 26 57 63 38 40 19 3 62 15 60 37
2 144 16 24 60 61 32 50 14 4 58 8 60 29
X 23 100 0 0 74 59 23 14 5 61 13 70 48
1 145 10 19 71 49 18 46 33 3 40 2 78 20
2 117 9 20 72 49 15 53 30 2 39 3 85 15
X 10 100 0 0 83 70 20 10 0 70 10 60 10
1 176 13 27 60 40 10 38 46 7 20 1 67 31
2 135 13 25 61 37 7 31 54 7 15 0 81 21
X 18 100 0 0 56 28 44 22 6 22 0 72 39
1 190 8 25 66 33 6 24 58 12 11 2 18 71
2 142 8 25 67 33 7 19 65 9 8 1 13 82
X 11 100 0 0 55 27 36 36 0 55 0 27 55
1 216 15 31 55 63 33 53 14 0 55 5 84 20
2 171 12 30 57 60 24 66 10 0 50 1 92 12
X 21 100 0 0 81 67 24 10 0 67 0 81 19
1 191 19 33 48 56 28 44 25 3 45 4 87 17
2 144 22 26 52 55 22 53 24 1 45 3 91 10
X 31 100 0 0 75 55 35 10 0 71 6 84 23
1 210 12 31 57 61 30 53 17 0 48 5 88 18
2 166 11 34 55 57 21 65 14 0 42 3 90 10
X 19 100 0 0 72 47 47 5 0 37 5 89 16
1 196 20 32 47 83 68 28 3 2 87 13 24 24
2 152 20 30 49 89 80 17 2 1 89 7 15 19
X 31 100 0 0 94 87 13 0 0 94 16 10 32
Development of technology capable of
distinguishing over 10,000 different persons from
image information.
Computers become capable of electrically and
magnetically reading information recorded in the
human brain.
Development of intelligent robots with visual,
auditory and other sensory functions capable of
thinking, making decisions and acting like human
beings.
Development of technology for quantitatively
measuring comfort sensations such as wearing,
riding, and coziness.
Development of an aesthetic information system
capable of presenting music which corresponds to
the feelings or condition of an individual given as
a graphic or verbal image.
Development of computer program which beats
professional Shogi (Japanese Chess) champions.
Practical use of high-quality speech synthesizing
technologies for converting written information
into speech of a quality level nearly equal to that
of human speech automatically.
Widespread use of multi-modal environments that
allow the coordinated use of various input media
such as voice, body and hand gestures, and facial
expressions as a general means of human-
computer interface.
Development of technology capable of
automatically converting voice information into
written information for use in, for example,
subtitling for news programs.
Advances in software inspection and verification
technology, enabling  error-free, large-scale
software to be developed in a short period of
time.
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4 3 47 75 11 0 12 33 24 38 48 14 4 1 1 1 24 25 2
6 1 51 86 6 0 5 37 22 37 59 11 2 0 0 0 24 28 1
10 0 81 86 10 0 0 48 43 48 86 14 0 0 0 0 33 24 0
28 19 17 61 13 0 28 41 20 43 30 4 7 6 2 2 36 64 1
28 13 10 71 10 0 21 54 21 50 28 5 3 6 2 1 34 65 1
42 17 17 67 17 0 17 67 33 33 25 0 8 0 8 8 42 50 8
21 9 57 63 7 0 12 43 29 46 48 6 3 3 1 4 26 43 2
23 9 64 74 3 0 8 51 26 45 51 6 2 4 1 2 29 51 1
22 4 87 78 13 0 0 74 26 52 57 4 0 4 4 4 13 39 4
6 6 43 39 19 0 32 37 28 34 36 11 4 1 1 2 6 14 1
3 3 59 38 10 0 26 42 25 35 43 8 3 0 0 1 4 15 0
10 10 70 50 20 0 10 50 50 60 50 10 0 0 0 10 10 0 0
6 6 47 47 11 1 25 45 22 35 35 15 2 0 1 1 5 19 1
4 5 56 57 8 0 19 55 19 33 37 10 1 0 1 1 4 24 0
0 6 83 56 11 0 6 67 22 22 56 22 6 0 0 0 6 17 0
4 5 84 25 4 1 6 39 12 15 33 13 1 0 2 1 2 15 1
4 4 87 19 4 0 4 51 11 13 28 10 0 0 1 0 2 18 0
0 0 91 18 9 0 0 55 18 18 45 9 0 0 0 0 9 18 0
0 0 74 70 17 0 9 26 30 35 47 25 3 1 0 0 12 15 1
0 0 81 75 11 0 4 22 30 33 58 21 1 1 1 0 11 15 0
0 0 95 71 19 0 0 38 38 48 38 19 0 0 0 0 10 29 0
6 4 51 71 17 1 15 35 27 42 46 20 3 1 1 1 9 13 1
5 2 58 80 10 0 10 39 24 45 51 17 2 1 0 1 9 14 0
3 0 77 90 19 0 0 55 29 58 71 29 0 3 0 0 6 10 0
5 3 59 67 21 0 15 32 26 38 48 24 3 2 0 1 6 10 1
2 2 61 77 14 0 9 30 20 41 60 19 2 1 0 0 4 10 0
5 0 84 89 42 0 0 53 32 42 53 26 0 0 0 0 5 5 0
30 7 29 83 22 1 12 48 31 41 49 12 3 4 1 1 9 5 1
30 5 22 88 15 0 7 56 23 38 56 6 2 3 1 0 10 4 0
42 3 29 81 35 0 6 55 29 39 61 10 3 6 3 0 3 3 0
Leading countries (%)Forecasted realization time
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1 146 11 31 58 42 12 39 40 8 49 0 45 29
2 112 13 28 60 39 6 41 47 5 47 1 44 29
X 14 100 0 0 54 21 50 29 0 71 0 36 43
1 159 11 38 50 50 26 33 31 10 54 4 50 29
2 116 12 37 51 50 25 35 33 7 64 2 53 20
X 14 100 0 0 61 43 29 14 14 57 7 50 21
1 231 18 32 50 65 37 49 14 0 53 5 76 48
2 180 20 30 50 65 35 56 9 0 56 3 78 43
X 36 100 0 0 78 58 39 3 0 72 8 72 53
1 206 12 29 60 74 50 43 6 0 78 18 46 22
2 161 14 25 61 79 59 38 3 0 85 10 47 16
X 22 100 0 0 95 91 9 0 0 95 23 36 18
1 179 15 27 58 38 7 38 50 5 28 1 77 18
2 140 15 27 58 36 5 30 62 3 21 1 85 14
X 21 100 0 0 45 10 52 38 0 43 0 86 14
1 209 10 31 59 67 41 46 13 0 69 5 78 8
2 164 9 27 65 66 36 56 7 1 71 0 85 1
X 14 100 0 0 86 71 29 0 0 86 0 71 0
1 164 6 20 74 42 11 38 48 3 24 2 77 15
2 130 6 18 76 38 9 27 63 2 20 2 88 9
X 8 100 0 0 59 38 25 38 0 25 0 75 13
1 212 15 29 56 60 30 50 19 1 60 6 85 5
2 167 11 31 58 59 25 61 14 0 62 4 89 2
X 19 100 0 0 78 58 37 5 0 68 16 74 0
1 123 8 18 74 42 12 37 45 6 15 3 92 7
2 96 9 11 79 36 6 32 56 6 6 0 93 1
X 9 100 0 0 64 33 56 11 0 22 0 89 0
1 208 15 30 55 47 13 50 33 3 71 9 49 18
2 169 14 29 57 45 8 57 32 2 76 2 51 12
X 23 100 0 0 59 26 57 17 0 83 0 52 17
Development of TV program production
technology capable of converting a scenario to an
actual visual format.
Development of software (expert systems)
capable of completely taking the place of
specialist professions such as judges, lawyers and
patent attorneys.
Widespread use of systems for search and
retrieval of specific sounds, images and video
from electronic libraries (video libraries
containing documents, books, images, video, TV
programs, documentary films, etc.).
Widespread use of a security technology that
automatically monitors illicit activities involving
network ethics, such as copyright infringement
concerning multimedia software use over a
network and the violation of privacy.
Development of a system that automatically
detects highlights and prepares digests when
provided with video and commentary of a
baseball game.
Widespread use of a multipurpose ID card system
with wireless communication capability.
Emergence of robots capable of acting as
opponents to humans in sports activities (such as
table tennis, etc.).
Widespread use of a system capable of detecting
the location of a person or object with a high
degree of precision by affixing on them a tracking
badge or seal.
Widespread use of devices to aid communication
with dogs and other animals that can help people
in their daily lives and improve their mental well-
being.
Widespread use of 3-D teleconferencing based on
highly realistic 3-D imaging devices.
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16 10 39 55 8 0 18 33 16 28 33 20 5 1 3 1 3 21 1
16 6 37 66 4 0 13 35 13 25 36 21 6 1 1 0 2 25 0
21 7 64 64 14 0 7 36 29 50 57 29 14 7 7 0 14 7 0
52 4 19 58 11 0 27 36 30 26 25 9 14 5 3 1 16 42 3
48 3 12 67 7 0 20 41 27 24 26 3 13 5 3 0 16 48 2
57 0 36 50 14 0 21 43 21 7 29 0 21 0 7 0 21 21 0
0 1 45 83 19 0 10 26 35 36 52 23 18 4 1 0 8 18 1
0 0 44 90 12 1 6 22 35 37 59 21 17 2 1 0 4 19 1
0 0 64 94 31 3 0 28 50 44 75 22 22 6 3 0 8 19 3
5 4 25 84 17 1 8 33 31 36 42 14 18 29 1 0 21 26 2
5 4 19 90 12 1 4 35 30 32 52 10 16 28 0 0 20 32 1
5 0 32 91 32 0 0 50 32 9 55 14 23 36 0 0 32 36 0
3 3 50 60 7 0 20 26 21 22 40 20 6 1 0 1 5 17 1
3 1 56 76 4 0 10 24 16 17 53 16 4 1 0 0 4 18 0
0 0 76 71 0 0 0 19 29 19 62 43 5 0 0 0 10 14 0
0 0 68 72 29 0 8 14 24 25 44 22 34 13 1 3 32 16 0
0 0 73 83 27 0 3 9 21 18 55 23 42 10 0 1 38 12 0
0 0 86 79 57 0 0 21 29 21 57 29 43 0 0 0 21 7 0
3 4 72 54 7 0 8 21 24 29 34 18 5 1 0 1 10 16 1
2 2 83 48 3 0 5 21 22 23 52 19 4 1 0 0 11 18 0
0 0 88 25 0 0 0 13 13 13 63 25 0 0 0 0 25 13 0
1 1 64 64 19 0 10 9 25 26 43 30 18 10 1 3 29 28 1
1 1 79 71 14 0 2 7 22 19 57 31 20 9 1 1 34 35 0
5 0 79 68 16 0 5 11 26 26 58 42 16 16 5 0 21 37 0
18 15 33 41 11 0 34 33 20 19 31 15 3 0 2 5 13 22 1
16 14 35 49 7 0 30 41 18 16 31 11 2 0 0 3 9 31 0
22 0 67 33 11 0 22 44 67 44 33 11 0 0 0 11 11 0 0
2 4 60 69 12 0 9 19 27 28 50 19 9 0 1 2 7 12 0
2 2 63 78 7 0 7 15 23 24 71 14 5 0 1 1 5 14 0
0 4 83 83 17 0 0 26 30 35 74 26 4 0 4 0 9 13 0
Leading countries (%)Forecasted realization time
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1 207 15 30 54 52 18 56 24 3 76 6 53 12
2 165 14 28 58 49 12 62 25 1 81 2 54 5
X 23 100 0 0 61 26 65 9 0 87 9 48 4
1 125 6 17 77 66 39 47 13 1 65 42 69 14
2 105 7 12 81 63 32 57 11 0 59 27 78 10
X 7 100 0 0 79 67 17 17 0 71 14 71 43
1 204 12 30 58 65 35 53 12 0 42 13 86 3
2 163 10 29 60 63 31 57 12 0 40 8 90 2
X 17 100 0 0 79 59 41 0 0 65 18 82 6
1 190 9 19 72 71 44 50 6 0 67 44 32 11
2 150 6 20 74 71 42 56 2 0 77 39 28 5
X 9 100 0 0 89 78 22 0 0 78 33 33 22
1 215 14 25 60 80 62 34 4 0 85 7 69 7
2 169 14 25 62 86 73 25 2 0 93 3 68 4
X 23 100 0 0 91 83 17 0 0 100 4 52 4
1 208 16 21 63 62 30 58 11 1 69 6 65 11
2 157 13 22 64 58 21 72 7 1 75 3 76 7
X 21 100 0 0 73 48 48 5 0 90 0 81 0
1 188 13 22 65 50 19 48 27 5 36 13 55 8
2 147 12 20 68 51 16 60 21 3 35 9 71 3
X 18 100 0 0 71 50 33 17 0 72 6 67 6
1 229 15 34 52 51 22 45 29 4 50 6 81 6
2 184 12 31 57 49 15 52 29 3 51 2 86 4
X 22 100 0 0 60 36 36 23 5 64 0 82 14
1 229 16 34 49 54 22 51 24 2 42 5 86 22
2 179 16 34 50 51 15 62 22 2 39 2 94 15
X 28 100 0 0 63 39 43 11 7 43 4 86 29
1 242 17 32 51 51 19 48 32 2 45 5 86 11
2 192 17 28 55 48 12 59 27 2 46 2 93 6
X 33 100 0 0 57 27 45 27 0 52 3 94 12
Widespread use of communication systems
designed to closely interconnect satellite offices
via a network through, for example, an image
display covering an entire wall for a highly
realistic visual effect.
Weather for up to one week in advance will be
able to be forecasted with at least 95% accuracy.
Widespread use of two-way portable
communication terminals capable of accurately
locating the point of distress signal transmission
in an emergency situation.
Widespread use of robots equipped with various
sensors and that can work at locations
inaccessible to humans via remote control
(nuclear accident site, etc.).
Widespread use of online seal-free (signature-free)
document preparation services for various official
documents such as contracts which are provided via a
network based on security technology capable of
achieving both privacy protection and verification.
Widespread use of security systems capable of
distinguishing individuals through face and voice
recognition with at least 99% accuracy.
Development of technology that can identify the
location of wanted criminals, key witnesses, and others
by monitoring information obtained through security
cameras installed in public areas and analyzing people’
s appearance, mannerisms, facial features, and voices.
Widespread use of portable terminals from which
electronic newspapers can be purchased at
information kiosks (information sales outlets
established at train stations, convenience stores,
etc.) through radio connection.
Widespread use of electronic newspapers,
electronic magazines or electronic museums
which can be compiled and provided in line with
the specific interests of individuals.
Most book purchases will be done through online
shopping systems from the home rather than at
bookshops.70
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3 3 58 75 13 0 8 14 26 30 43 22 16 1 0 2 9 11 1
1 3 58 79 7 1 6 10 19 27 58 22 16 1 1 1 8 10 1
0 0 78 78 13 4 0 13 30 26 43 35 26 0 0 4 9 13 0
16 4 55 59 20 0 17 37 33 46 45 4 3 0 0 10 6 4 1
18 4 59 68 12 0 11 37 31 47 51 6 3 0 0 13 3 2 0
29 0 57 71 29 0 0 57 14 14 71 14 0 0 0 14 14 0 0
0 0 69 61 22 0 9 15 26 31 41 21 27 4 0 2 18 7 1
0 0 75 69 18 0 6 11 23 26 50 23 29 2 1 1 21 6 0
0 0 82 65 29 0 0 18 35 29 47 12 18 0 6 0 18 12 0
1 3 72 66 11 0 5 21 36 41 64 8 7 2 1 3 16 6 1
0 2 83 67 3 0 3 19 34 36 77 3 4 1 1 2 15 5 0
0 0 89 78 0 0 0 33 22 33 89 0 0 11 11 11 11 0 0
1 1 41 85 21 0 4 20 29 33 41 17 47 29 1 0 29 14 2
1 1 38 92 17 1 2 18 25 30 50 14 54 26 1 0 37 16 1
0 0 52 91 30 0 0 22 26 30 48 17 74 22 4 0 39 22 9
4 4 53 71 15 0 16 23 27 39 48 21 13 6 0 0 26 16 1
3 3 50 82 9 1 8 24 23 35 61 19 12 6 0 0 41 17 1
5 10 67 86 10 5 0 43 19 38 62 29 14 10 0 0 38 14 0
9 5 36 60 12 1 20 19 30 36 37 11 14 16 1 1 39 44 4
6 3 36 73 7 0 14 16 32 36 40 7 14 17 1 0 46 56 3
6 6 72 67 0 0 0 33 33 39 44 17 28 22 0 0 33 39 6
7 3 69 53 21 0 10 9 19 21 36 28 32 4 1 3 10 14 1
4 3 77 53 15 1 8 8 12 13 43 34 37 2 0 2 9 15 0
0 0 91 59 27 0 5 18 9 14 41 27 45 0 0 9 9 9 0
1 3 38 72 17 0 12 14 21 24 30 31 22 5 1 1 11 17 1
0 2 37 84 15 0 7 11 17 18 39 41 21 3 1 1 7 22 1
0 4 54 86 25 0 4 18 18 14 36 32 18 11 4 7 25 21 0
8 2 31 88 12 0 3 8 12 12 16 34 40 7 2 1 11 16 2
7 1 25 93 6 0 2 5 5 5 8 46 55 4 1 0 7 21 1
12 0 36 94 9 0 0 3 9 3 6 39 61 15 3 0 12 15 3
Leading countries (%)Forecasted realization time
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1 200 19 29 53 59 30 50 20 2 52 2 83 11
2 156 15 29 56 57 25 55 19 1 48 1 87 6
X 24 100 0 0 67 38 54 8 0 38 0 83 8
1 175 19 27 54 63 36 46 17 2 51 5 53 51
2 137 17 27 56 65 34 57 8 1 55 4 65 47
X 23 100 0 0 84 68 32 0 0 65 4 61 61
1 168 11 24 65 52 19 54 25 2 19 5 90 11
2 127 9 24 67 52 15 63 22 0 17 2 94 8
X 12 100 0 0 75 50 50 0 0 17 17 92 8
1 176 15 20 65 48 18 40 37 4 40 1 73 13
2 139 14 19 67 45 11 50 36 3 38 1 83 6
X 20 100 0 0 59 25 60 15 0 45 0 75 10
1 221 13 30 57 55 26 45 25 3 50 1 81 13
2 171 13 27 60 53 20 52 26 2 51 1 84 9
X 23 100 0 0 84 70 26 4 0 65 0 78 4
1 220 8 27 65 55 26 45 25 3 60 4 85 1
2 173 9 25 66 54 21 56 21 2 61 2 86 0
X 15 100 0 0 73 53 33 13 0 67 0 80 0
1 209 12 32 56 50 21 40 36 3 48 5 78 4
2 174 10 32 58 48 16 48 33 3 47 2 81 3
X 17 100 0 0 68 53 24 12 12 59 0 65 6
1 184 16 26 58 48 19 40 37 4 33 5 67 42
2 139 14 27 59 50 16 53 30 1 26 2 77 41
X 19 100 0 0 70 42 53 5 0 42 0 68 47
1 130 6 21 73 82 67 27 6 0 52 35 67 2
2 110 5 17 77 88 77 19 4 0 53 35 74 2
X 6 100 0 0 100 100 0 0 0 83 50 50 0
1 218 10 29 61 65 37 51 11 2 69 20 71 2
2 174 8 28 64 63 32 60 8 1 75 14 75 1
X 14 100 0 0 86 71 29 0 0 93 21 79 0
Practical use of a human-machine interface in
which virtual operators with dialogue
comprehension capabilities can operate
information equipment through dialogue with
humans.
Widespread use of advanced knowledge systems
capable of utilizing teachers’ knowledge and
experience, and tutorial examples that have given
positive results.
Practical use of media conversion technologies
such as a sign language interpretation
communication system enabling a hearing-
impaired person and a healthy person to
communicate with each other at a great distance.
Widespread use of three-dimensional television
sets that can be viewed in the home without
special glasses.
Widespread use of home television sets capable
of receiving, recording, automatic search, and
replay of several hundred programs.
Major stores are completely converted into showrooms,
and customers can search and place orders for goods
through catalogs or over networks, and take receipt of
their goods by home delivery or at convenience stores,
train stations, etc. at any time.
Widespread use of information equipment that
builds home networks using only electric power
cables.
Multimedia creative activities in which plays and
concerts are performed jointly through
collaboration among open communities formed
via area networks are widely conducted.
Practical use of integrated building management systems
and home security systems which are linked to an
earthquake detection system, and take advantage of the
time delay to the arrival of seismic waves from a non-
direct-hit earthquake to initiate the necessary safety
measures to protect human life.
Widespread use of auto-drive automobiles in
limited areas such as expressways with the
advancement of ITS.
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2 3 52 78 14 0 11 33 26 37 52 21 9 1 1 1 17 16 1
1 1 53 84 8 0 7 33 25 33 58 16 4 0 1 0 17 20 0
8 4 63 88 4 0 0 50 33 33 54 25 8 0 0 0 8 17 0
6 6 28 69 13 1 18 47 41 41 43 13 13 3 1 1 5 21 2
9 2 23 85 10 0 9 55 43 42 49 14 10 3 1 0 2 30 1
9 0 35 83 26 0 0 61 48 52 65 22 22 4 0 0 4 13 0
4 2 46 55 17 1 25 32 27 39 51 21 8 1 2 1 11 7 1
1 2 51 71 14 1 16 33 27 35 61 17 6 0 1 0 9 5 0
8 8 75 83 8 0 8 42 33 42 83 0 8 0 8 0 17 17 0
7 9 62 52 12 1 15 18 18 31 45 15 7 1 1 2 10 10 2
7 6 71 55 8 1 10 16 14 26 56 11 5 0 0 1 12 12 1
0 15 85 50 5 0 5 40 20 40 30 20 5 0 0 5 30 10 0
2 2 64 70 11 0 6 10 16 23 38 24 27 4 1 2 6 18 1
2 2 65 85 9 1 1 6 13 16 47 27 32 3 0 1 2 20 0
0 0 83 87 13 0 0 9 26 13 48 39 39 13 0 0 9 30 0
12 5 42 75 9 0 7 9 15 11 20 38 41 10 0 2 15 19 3
13 2 45 86 9 1 2 5 9 5 18 53 51 7 1 1 16 23 2
7 0 87 73 13 0 0 7 7 0 13 53 60 13 7 7 13 13 7
20 10 46 57 7 1 20 9 17 20 22 23 32 6 0 2 20 4 0
18 5 58 70 7 2 11 6 14 14 27 25 46 5 0 1 18 3 0
18 0 59 59 18 12 12 12 24 6 18 35 71 18 0 0 18 0 0
7 7 34 70 19 1 17 29 23 24 29 16 16 1 2 1 6 16 2
2 6 28 80 13 0 11 35 19 21 39 13 14 0 0 1 2 22 0
0 0 37 89 21 0 0 53 32 16 42 21 11 0 0 5 5 21 0
5 7 72 26 3 0 18 29 42 49 42 10 11 3 1 3 11 4 1
6 4 80 22 3 0 11 25 45 58 56 6 7 2 1 2 12 1 0
33 0 67 33 0 0 0 33 50 50 50 17 33 0 17 0 17 0 0
4 2 63 70 26 0 9 17 40 42 45 8 42 14 1 8 30 5 1
3 1 72 82 22 1 3 12 45 41 57 4 48 10 0 5 40 2 1
0 0 93 93 21 0 0 14 57 50 57 0 50 14 0 7 43 0 7
Leading countries (%)Forecasted realization time
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1 190 14 26 61 70 44 46 10 0 81 7 66 2
2 159 9 25 67 68 41 52 8 0 86 4 67 2
X 14 100 0 0 89 79 21 0 0 100 0 64 0
1 184 10 21 69 61 32 46 21 1 59 3 64 15
2 144 8 19 73 61 28 58 13 1 63 1 75 12
X 12 100 0 0 81 67 25 8 0 83 17 67 25
1 233 9 27 64 74 53 38 9 0 54 3 90 2
2 181 6 25 70 79 60 35 5 0 52 1 94 2
X 10 100 0 0 90 80 20 0 0 80 0 90 0
1 224 8 22 70 60 32 46 19 3 41 8 81 2
2 174 6 18 75 60 30 53 14 3 34 4 89 1
X 11 100 0 0 68 45 36 18 0 36 18 82 0
1 228 8 22 69 68 43 45 11 1 57 2 88 1
2 178 6 19 75 71 45 47 7 1 55 1 93 0
X 11 100 0 0 84 73 18 9 0 45 0 91 0
1 162 8 20 72 49 20 40 38 2 52 31 57 4
2 134 4 21 75 46 12 49 36 3 57 21 64 1
X 6 100 0 0 71 50 33 17 0 83 17 50 0
1 148 14 34 52 52 22 44 32 2 44 5 43 41
2 112 14 29 56 52 20 52 27 2 52 3 54 44
X 16 100 0 0 72 50 38 13 0 69 0 44 50
1 212 13 28 59 53 26 41 27 6 27 12 76 7
2 161 13 27 60 51 20 48 28 4 20 7 88 4
X 21 100 0 0 76 62 19 19 0 24 19 90 10
1 243 16 28 56 73 50 41 8 1 86 27 33 9
2 190 15 27 58 79 62 30 8 0 91 23 27 5
X 28 100 0 0 95 89 11 0 0 96 18 21 4
1 224 9 26 65 71 47 43 10 0 83 6 71 2
2 178 6 25 69 74 54 36 10 1 85 3 71 1
X 10 100 0 0 88 80 10 10 0 90 10 60 0
Widespread use of battery-free wireless cards in
automatic ticket checking and distribution
systems.
Widespread use of electronic courts excluding
judgement through the introduction of IT
processing support systems such as
teleconferencing, electronic applications over the
Internet, and electronic filing for storing,
Widespread use of government office services
through networks regarding applications and
general procedures.
Widespread use of in-home electronic voting in
elections.
Widespread use of convenience stores or train
stations that act as agents for 24-hour
administrative and financial services etc.
Development of a system for continuously
collecting meteorological data, such as rainfall,
atmospheric pressure, and wind velocity, from
traveling vehicles throughout the country.
Development of logic/cause-effect visualization
systems which facilitate the comprehension of
very complex cause-effect relationships such as
court cases.
Practical use of systems capable of understanding
and automatically checking the content of image
data unsuitable for children which are available
over networks.
Realization of a more paperless and efficient
office environment in a majority of companies
regardless of size through a steady shift to
electronic and network processing for most office
work.
Widespread use of electronic money for cash
transactions to the extent that it has the same
feeling as using conventional money.90
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(%) (%)
1 2 71 61 22 1 9 13 26 26 42 28 36 4 1 2 22 5 2
0 1 81 65 19 1 4 6 19 18 48 29 46 3 0 2 28 4 0
0 0 93 50 21 0 0 7 29 21 43 43 29 14 0 7 29 0 0
5 5 23 65 14 1 26 22 34 28 26 5 52 17 1 1 21 24 1
3 1 18 78 8 1 19 15 35 28 18 3 66 14 0 0 20 28 0
8 0 33 92 8 0 0 33 58 25 17 0 42 25 0 0 50 42 0
0 2 32 67 18 2 15 16 26 20 21 6 71 18 1 0 29 11 1
0 0 24 80 10 2 12 9 29 14 17 2 84 17 1 0 37 7 1
0 0 50 80 10 0 10 10 50 20 10 0 80 20 10 0 50 10 0
5 7 24 64 14 0 22 11 21 20 17 4 64 18 1 0 28 17 1
3 3 18 79 7 1 16 7 22 17 9 1 82 19 0 0 34 18 0
9 0 27 91 9 0 0 9 45 9 9 0 45 9 0 0 55 18 0
0 2 46 57 14 0 18 7 18 16 17 18 72 14 1 2 25 8 1
1 2 56 66 6 1 10 5 13 11 11 17 83 9 1 1 34 5 1
0 0 73 55 18 9 9 9 27 9 0 18 73 0 9 0 27 0 0
4 9 40 40 8 0 33 12 29 29 36 15 22 2 1 6 10 4 1
4 6 55 52 6 0 27 6 31 25 51 12 19 0 1 3 9 3 0
0 0 83 67 0 0 0 17 50 50 33 17 0 0 0 0 17 0 0
13 5 27 55 15 1 23 34 28 33 38 5 12 4 1 1 9 18 1
13 3 21 71 12 1 12 40 25 36 52 2 8 2 2 1 10 21 0
19 6 44 56 19 0 6 50 38 56 63 0 6 0 0 0 19 13 0
11 4 27 70 13 0 18 18 23 23 30 12 19 25 1 0 17 30 2
11 2 23 84 12 1 8 14 22 22 45 13 12 27 0 0 15 42 1
10 5 38 86 24 5 0 19 14 29 43 10 24 43 0 0 10 19 0
10 7 29 75 16 0 11 16 25 21 25 17 39 9 0 4 17 12 1
11 4 24 85 13 0 4 11 27 19 29 12 56 5 0 2 18 13 1
11 0 21 82 11 0 4 11 32 18 25 18 54 4 0 0 21 11 0
5 3 29 79 33 0 6 13 29 27 24 22 66 28 0 0 37 21 0
5 2 21 85 34 0 4 9 30 24 19 17 78 23 0 0 44 23 1
10 10 40 80 40 0 0 10 10 0 0 10 60 30 0 0 60 30 0
Leading countries (%)Forecasted realization time
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1 180 17 23 59 77 57 38 3 1 93 10 18 2
2 141 18 21 61 81 64 33 3 0 98 6 11 1
X 26 100 0 0 90 81 19 0 0 100 8 12 0
1 135 13 25 61 29 4 17 63 16 17 0 60 25
2 111 14 23 63 27 5 8 73 14 10 0 73 25
X 15 100 0 0 40 20 7 67 7 20 0 67 40
1 204 8 20 72 57 27 48 22 3 86 15 37 4
2 164 7 20 73 56 24 53 22 1 93 9 30 2
X 12 100 0 0 58 33 33 33 0 83 0 17 0
1 213 11 20 69 57 27 49 22 2 68 23 66 8
2 174 10 17 73 54 21 55 21 2 76 13 71 2
X 17 100 0 0 77 56 38 6 0 71 0 71 6
1 242 17 24 60 61 32 48 19 1 42 19 54 52
2 199 14 23 63 59 28 56 15 2 44 11 64 50
X 28 100 0 0 81 64 32 4 0 54 21 64 46
1 234 15 20 65 47 17 43 35 6 28 3 75 17
2 193 12 19 69 45 11 53 31 5 20 2 85 12
X 23 100 0 0 60 26 65 4 4 39 0 87 17
Widespread use of a SCM (supply chain
management) system to handle data management
(orders, design, manufacturing, operations, and
maintenance) uniformly among related
companies.
Development of a system to automatically
produce a title or jacket that suits the impression
of the music when music data is given.
Emergence of a virtual company with an annual
turnover of around ¥100 billion and at least 1,000 staff
members working from home, and whose
organizational structure and operation is done entirely
on the Internet with no real head office building.
More than half of salaried workers in Japan work
from a SOHO (small office/home office).
Implementation of academic credit interchanges
between overseas and Japanese universities
through distance learning over the Internet.
Widespread use of Internet cram schools (lessons
at home) used by a majority of middle and high
school students.
94
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(%) (%)
1 1 30 89 16 0 6 22 29 28 28 24 48 7 1 2 14 8 3
1 1 26 94 9 0 2 22 28 20 24 23 69 6 0 0 25 7 2
0 0 31 85 12 0 0 27 19 15 23 23 62 15 0 0 23 0 0
6 11 31 52 12 0 32 21 14 15 26 22 7 1 2 1 3 20 1
8 9 30 61 11 0 20 25 7 9 32 23 5 3 2 0 1 26 0
0 20 40 60 13 0 7 33 0 13 40 33 0 7 0 0 7 20 0
7 5 14 83 9 1 7 20 18 14 11 38 57 9 1 1 18 24 1
4 4 9 92 5 1 3 20 10 9 7 45 71 5 1 0 18 33 1
8 17 8 67 8 0 0 25 8 0 0 50 42 0 0 0 25 0 0
27 12 16 77 10 0 9 21 15 15 15 31 50 11 3 2 15 25 0
25 8 11 88 6 0 2 18 10 9 8 32 68 8 2 1 10 32 0
35 6 24 71 6 0 0 29 12 0 12 29 59 12 6 6 6 18 0
1 1 26 81 23 1 9 26 35 23 18 11 62 8 2 1 6 15 2
0 2 25 89 20 1 5 25 38 17 11 8 74 4 1 1 3 21 1
0 4 25 93 32 7 0 29 25 14 14 7 79 14 0 4 0 21 4
12 9 41 45 6 1 21 21 18 17 12 28 35 5 2 1 8 35 2
13 6 47 56 4 1 13 21 10 10 7 34 56 5 1 0 7 45 1
9 9 43 48 9 4 13 26 13 13 9 35 61 9 4 0 9 48 0
Leading countries (%)Forecasted realization time
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3. Survey results in “Electronics”
3.1. Trends in noteworthy domains
3.1.1. Introduction
Electronics technology is becoming increasingly important as the base technology supporting the IT
era. Moreover, extreme microelectronics constitutes one field of nanotechnology, whose significance has
been receiving much greater recognition over the past few years. The electronics field is expanding, and
its application technologies are become more diverse, but to devise the topics for this survey, we divided
the field into the following four domains.
Below, experts summarize the trends in each of the domains, and discuss distinctive results in
noteworthy technologies.
(Hiroshi Ishiwara)
3.1.2. Microelectronics
(1) New principles (topics 01–05)
The trend of semiconductor miniaturization is continuing just as strong as ever, but the
“semiconductor technology roadmap” does not indicate a technological solution for the further advances
around 2010. Nonetheless, there is a great demand for the solid development of microelectronics. On the
other hand, since a couple of years ago, a spotlight has been apparently shed on nanotechnology. Topics
covering the ultimate microelectronics, which is seen as one field of nanotechnology, are included in this
domain. The question is whether the path of miniaturization will lead to the point where we are able to
manipulate a single electron, a single atom or a single molecule as we wish, and there is considerable
debate as to whether this would be usable as practical technology. We put topic 03 to the experts from the
viewpoint of controlling a single electron, and topic 01 from the viewpoint of manipulating a single atom
or a single molecule. While there were negative views when single electron devices were taken as
miniaturized general CMOS, the outlooks were more positive if the usage was more specialized. There is
wide recognition that a rivalry is building up between the U.S. and Japan as the leading countries in this
domain. These days a considerable amount of research is being carried out on quantum computers, and in
a sense, this is seen as a reversal of the sense of stagnation regarding the development of conventional
microelectronics. However, as technological requirement is slightly different among quantum computation,
quantum communication, and quantum cryptography, there is a wide gap between perceptions and
expectations, resulting in a large range of forecasted realization times. An increasing number of
researchers are trying to bridge the boundaries of biotechnology and electronics. At the macro level,
research is directed to DNA chips and healthcare devices, but topics 04 and 05 ask the possibility of
putting bio-functions themselves to slightly greater use, such as actively using or imitating multiple
functions of single cells or DNA itself. As can also be seen by the small number of experts in this area
among the respondents, we cannot necessarily say that the research has been carried out as a part of the
electronics field. A relatively high percentage of respondents do not believe DNA memory will be realized.
An overwhelming percentage of respondents consider the USA to be the leader in this field. In any event,
this is a technology that is expected to take at the very least 15 years to be realized, so this is a domain in
which government measures are clearly reflected.
(Akira Toriumi)
(2) Highly integrated, high-capacity, ultra-small, large-scale
Semiconductor integrated circuits are the “brain and nervous system” of our information-based
society, and miniaturization has enabled the industry to increase both their density and speed. Design rules
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are such that size decreases by a factor of ten every 15 years. A size of 10µm in 1970 became 1µm in 1985.
In 1995 the size became 0.35µm, and in 2000 a size of 0.18µm was obtained, so in 2011 we can expect the
reduction to 0.05µm. Considering 0.03µm devices are in operation today, it is believed there are no
physical limitations at least, but there are doubts as to whether lithographic technology in the 50nm era
lends itself to mass production.
Therefore forecasting the realization time of topic 06 is crucial to the semiconductor industry.
As for increasing density, in DRAM a fourfold increase every three years has been maintained: 1Kb
in 1970 was 64Kb in 1980, so the 64Mb in 1995 became 1Gb in 2001. In 2011, we can expect to fabricate
64Gb DRAM. So whether topic 07 can be achieved at the forecasted time is a critical point.
In the viewpoint of wafer size, 50mm in 1970 increased to 125mm in 1980, and to 200mm in 1995.
As of 2000, development is continuing into the mass production of the 300mm wafer. In this light, it is
important to have a feel for when topic 08 as basic semiconductor technology will be realized.
Flash E2PROM, a type of nonvolatile memory, is now being used widely for image storage in digital
cameras, and also in mobile terminals, such as portable audio equipment and mobile phones. Memory
capacity began at 4Mb in 1992 and shifted to a 64Mb mass-production structure in 1996. In 2000, 512Mb
flash memory cards came on to the U.S. market. Consequently, both the realization time and including
usage of topic 10 is important.
While we did not look at SOC (system on chip) or SIP (system in package) in this survey, we need to
watch the progress of these technologies carefully in the years ahead as their functions expand. Moreover,
the survey should contain items that give a general overview of all technologies, from systems to
applications, e.g. global network technology, rather than focusing on individual devices or element
technology.
(Kazuo Tsubouchi)
(3) High performance
The basic performance of LSI has improved dramatically over the past three decades as
microprocessing technology advanced. Over this period, as soon as experts spoke about limitations, a
technological breakthrough would force everyone to reassess those perceptions. Against this backdrop,
development continued.
LSI technology is advancing at a much faster pace than ever before, and it is showing no signs of
slowing down. This development is underpinning the foundations of PCs and all other elements of IT
technology. Advances in LSI technology can be put down not just to microprocessing technology, but to
the general development of various element technologies, such as LSI architecture, CAD, circuit design,
layout, transistor structure, and multi-layer wiring technology.
In this survey, we chose several topics giving rise to qualitative change and not just improved
performance realized as an extension of the miniaturization trend.
In topics 16 and 21 we asked about trends in technologies that use material other than that currently
used in semiconductors, such as silicon and gallium arsenic. In topic 16, experts believe that in roughly ten
years, high-temperature superconducting materials will be quite common, though their usage will be
limited, whereas non-experts believe it will be realized much later. Topic 21 is expected to be realized in
15 years, but it should be noted that the connection with environmental problems in both effect and the
negative aspects is the key point among topics in the microelectronics field.
Topics 17, 18 and 19 are all expected to be realized over the next 15 years, indicating that if current
LSI development trends continue, applications such as these will be opened up. There is also a strong
recognition of these topics’ contribution to socioeconomic development and importance to Japan. We do
not consider these three topics to necessarily be technologically easier than other topics, so we analyzed
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the results and came to the conclusion that the reason the forecasted realization times are relatively early is
that the needs are specific, so resources are more readily committed to their development.
Topic 20 covers the practical use of neuron chips. In contrast to the previous three topics, even
experts doubt whether it can be realized within the net 15 years. Many pointed out negative ethical, social
and cultural effects, so no clear consensus was achieved on the need for this technology, nor the impact it
would have were it to be realized.
Topic 22 asks about ultra-high performance LSI with extremely low power consumption of 10 mW.
This is not in tune with LSI development trends to date (power consumption increases as performance
rises), so a fairly major technological breakthrough is required, and this is reflected in the forecasted
realization time of 15 years or longer.
Topic 29 deals with the DA (Design automation) field, and is forecasted to be realized within the next
ten years. This indicates a general perception that this topic is on the same development line as CAD
technology. The recognition that while this technology is vital to Japan, USA leads the world in its
development reflects how America totally dominates the LSICAD industry. This is a problem Japan must
address.
Topic 30 is not about LSI, but about its development tools. Its forecasted realization time is relatively
late because of the need to devise detection devices that function under different principles than those of
current electronic beam testers and EOS (electro-optical sampling). It is worth noting that there is a
general perception among all respondents, even the experts, that the need for this technology is not
especially high.
(Ken Takeya)
(4) High intelligence
The semiconductor industry is occupying an increasingly vital position in the electronics industry
amid the rapid development surge in microelectronics technology, and is expected to continue its steady
expansion to meet community needs in producing one of the core technologies driving our evolution into
an IT society.
Microelectronics technology has made a major contribution to the construction of our industrialized
society to the extent that LSIs are referred to as the “staple food of industry”, and is expected to play an
even stronger role as a partner in our everyday lives in the future, primarily through the creation and
timely commercialization of technologies that can meet the needs and demands of society, as outlined
below.
One of the most basic social needs is the development of an environment in which any kind of
information can be exchanged anytime, anywhere, and with anyone instantly at an attractive cost, and the
establishment of a network environment to meet this need is absolutely essential. In this sense, we will see
the ongoing development and practical use of ultra-high-speed networks and highly functional portable
wireless terminals that can facilitate the above service for a diverse range of voice, data and image
information from anywhere in the world. As well as the development and practical use of the new
technology, we must also push ahead with deregulation, and standardization at the international level
(topic 25).
There is a growing need to improve information processing technology in all aspects of our lives.
There is also a strong demand for realization of systems through which any kind of information, including
data and image, can be processed anytime, anywhere, and by anyone instantly at an attractive cost. High
expectations are held for the realization of the ubiquitous computing technology to meet such demand. For
this, it is essential to set the structures for the simultaneous development and practical use of hardware,
including ultra-high integration and mounting technology, and software technologies (topic 28).
One of the important contributions microelectronics technology is expected to make to society is the
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realization of a natural interface between humans and systems and the advancement of communication at
the international level. A typical example of this is the large screen high-definition display, but it also
includes card-sized automatic interpretation systems based on voice recognition and automatic translation
technology, and artificial intelligence chips capable of understanding and sharing human emotions (topics
24 and 23).
Specific systems that form a partnership with humans are typically robots and various kinds of guide
systems. There are strong expectations about the emergence of technology that can boost these systems
not just in function and performance, but in the practical aspects of cost, size etc. as well (topics 26 and
27).
(Akihiko Morino)
3.1.3. Optoelectronics
The optoelectronics technology with the greatest social impact is optical fiber communication using
semiconductor lasers and optical fiber. The internet is continuing its global spread, and optical fiber
communication is a pivotal part of this. The core transmission field has reached the point where a high-
capacity optical transmission system of terabit/sec scale is available on the commercial market. This
system uses multiplexed channels for 10 Gbits/s high-speed optical signals of slightly different
wavelengths, and is the product of a broad range of technological input from the optoelectronics field,
including light source technology centering on semiconductor lasers and optical modulators, optical fiber
technology, optical fiber amplification technology, optical circuit technology for separating signals of
different wavelengths, and high-speed electronic circuit technology. Current R&D is directed at further
increasing capacity by expanding the sphere of used wavelengths to raise speed to more than 40 Gbits/s
and increase the number of multiplex channels.
A new technological innovation in optical fiber communication is the optical cross connection. This
makes it possible to set up transmission routes in a short period, and through it, precise services can be
provided for users in which transmission capacities are set according to their needs. Optical switches
(1024x1024) for optical cross connection are based on MEMS (micro electro-mechanical systems) or
bubble systems, but a search is underway for new systems that can make unit switch devices larger and
cheaper.
The application of optical fiber communication ranges from wide-area communication on a global
scale, through optical networks within cities or building, to optical interconnect within computers. It will
also be used in homes, and in optical links within information equipment and semiconductor chips.
Development is progressing on low-cost high-speed lasers that do not require temperature controls, such
as surface emitting laser arrays, on the assumption that large quantities will be used.
In the information recording field, considerable development activity is taking place on
semiconductor lasers for optical disk record/read. High-output red lasers for writing to recording media,
and dual wavelength integrated lasers for various media are already being used commercially. Blue lasers
have been realized through systems using non-linear optical crystals, or systems using GaN crystals.
Currently, red lasers are used for mass-produced DVD (digital versatile disk) of 3 Gb/in2, though in the
near future, they will probably be applied in higher density disks (18 Gb/in2).
Research into artificial optical material such as nanomaterial and photonic crystals has been making
steady progress. While it has not reached the stage where it can be used in a practical sense, it is being
watched with interest as a base technology for future development.
Technological development must focus not just on the novelty or raising the performance of
technology, but also on lowering costs, conserving resources, recycling, and reducing power consumption,
while R&D needs to be approached from the users’ viewpoint, including proposals for system concepts
that will become world standards.
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(Michiharu Nakamura)
3.1.4. Molecular and bioelectronics
Molecular and bioelectronics has been proposed and researched continuously since the 1980s. These
proposals are based on the view that this technology has the potential to free us from the size limitations in
semiconductor processing (lithography) that are expected to be reached in the near future. A characteristic
of research in this field is that it applies bottom-up methodology in which devices are built from the
atom/molecular level, in contrast to the conventional top-down approach to process miniaturization. The
keyword here is self-organization, i.e. building nano-structures using the properties of the material to their
maximum without relying on processing. Examples include the formation of InAs quantum dots in GaAs,
and formation of self-organizing single molecular membrane on various substrates. Artificial material
attracting attention include stable π conjugated oligomar, fullerenes, carbon nano-tube, and various
metallic nano-crystals, nano-wire and nano-tube. The structures form naturally, so there is no need for
synthetic processing. In addition to size limitations, economic efficiency is another issue ultra-
miniaturized processing technology will have to face in the future. There are hopes that the pressure
placed by this inordinately advanced technology on the economic efficiency of manufacturing technology
can be overcome by skillfully combining self-organizing processes with top-down methodology.
Biodevices will cover mainly DNA, proteins and neurons.
We need to point out another technology playing a key role in this bottom-up approach. This is the
scanning probe microscope (SPM), which stems from the scanning tunneling microscope (STM) and the
atomic force microscope (AFM) invented in the 1980s. These days, SPM-related technologies are moving
ahead rapidly not just in observing single atoms and molecules, but in manipulating them as well. One
shortcoming of SPM and its scanning method is the slow processing speed per unit area, but this is
gradually being overcome by the independent and simultaneous operation of many probes. One example
in which this technology is approaching the practical use stage is the application of SPM in ultra-high
density recording.
Another important factor in the rapid advance of nanotechnology research relating to molecular and
bioelectronics is the U.S. National Nanotechnology Initiative (NNI) started under the Clinton
Administration. NNI encompasses a broader range of research domains than the molecular and
bioelectronics taken up here. Nonetheless, molecular and bioelectronics is an important theme in itself.
Promoting strategic research in this field as base technology for post-genome research following the
completion of human genome analysis and for IT is vital in Japan considering the need to foster industrial
competitiveness. Brain and neuro-electronics are also important research fields in which considerable
advances are expected.
Topics 46 to 60 were classified into the molecular, bio- and sensor electronics domain. Therefore,
rather than dealing with these different categories of electronics separately, most topics in this domain
classification are combined electronics topics that cover all three. Topic 47 is the only one in the domain
that deals specifically with molecular electronics; instead topics related to molecular electronics are taken
up at 01, 02, 03, 05, 06, 07, 15, 23 and 30 in microelectronics, 34 in optoelectronics, and 61, 62, 63 and 64
in storage electronics. In bioelectronics, only topics 46 and 54 deal with it specifically, while more topics
deal specifically with biosensors (53, 57, 58 and 59), and micromachine-related medical devices (48, 50,
51 and 60). Similar to molecular electronics, topics related specifically to bioelectronics are taken up at 01,
05 and 20 in microelectronics. Biosensors are addressed in topic 04 in microelectronics. Overall trends in
the molecular, bio- and sensor electronics domain are discussed in detail in the following sensor
electronics section.
(Masamichi Fujihira)
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3.1.5. Sensor electronics
Sensing technology is absolutely important in various industrial fields, basic scientific research,
medical care, disaster prevention, crime prevention, the environment, safety engineering and a broad range
of other areas, and its principles are indeed diverse, including photonics, superconductors, semiconductors,
and quantum effect. Therefore, the production of individual sensor types or sensing technologies is not
always in large volumes, and the industrial scale is comparatively small. Technology-intensive and
expensive sensors in particular are more often than not produced only in small amounts. In this light, it is
not easy to select topics that strike a good balance across the entire technological field. In this survey, as in
the previous survey, we selected topics connected with sensor electronics as a part of the molecular, bio-
and sensor electronics field, so most of our topics cover these technologies. However, we also selected
several topics connected with sensor electronics in the microelectronics and optoelectronics fields.
Although there are no major differences in the survey results among the four electronics fields, the
importance index for the molecular, bio- and sensor electronics field is the lowest. The importance index
of the objective item of “higher sensitivity and higher resolution”, which account for the majority of
sensor electronics-related topics, is second lowest among all eleven items. The reason for this is that
considering the character of the sensor electronics field, the economic effect is relatively small. In fact, in
expected effect, “contribution to socioeconomic development” is highest in the other fields, whereas in the
molecular, bio- and sensor electronics field, “response to people’s needs” is highest. As for the objective
item of “higher sensitivity and higher resolution”, expectations are relatively high for “response to
people’s needs” and “expansion of human intellectual resources”. Such a trend can be clearly seen in
topics 53 and 54.
There can be no argument that sensor electronics is indispensable in the broad technological field. It
is also vital in fields where the economic effect is not the sole consideration, such as medical care,
environment, and disaster and crime prevention. As mentioned earlier, this can be seen in the fact that in
this field, respondents rated “response to people’s needs” more highly than “contribution to
socioeconomic development” for expected effect. Much can be expected from technology-intensive
advanced sensing technologies in these applied fields. Sensor electronics is a key technology for
addressing the often discussed “safety” issue. Developing the technology to ensure safety and security is
not only important for the building of a well-rounded society, but also vital considering Japan’s
circumstances of being an earthquake-prone country. Topic 56 is one example of this. A relatively high
percentage of respondents consider USA to be the dominant country in the molecular, bio- and sensor
electronics field. Sensor electronics is a field where Japan should put more effort into cultivating the
technology.
(Kazuo Hotate)
3.1.6. Storage electronics
These days we use mainly magnetic disks, optical disk memory, and removable memory for storage.
The following summarizes the trends for each.
Over the past few years the surface storage capacity of magnetic disks has increased tremendously.
Up to around 1991 capacity increased at a rate of about 30% a year, but from then to 1998, it jumped to
about 60% a year, and now it is more than 100%. There are two magnetic disk recording systems —
longitudinal recording and perpendicular recording — both are capable of recording densities of 60 Gb/in2.
These days most disk recording employs the longitudinal system, but in the future focus may shift to the
perpendicular system, which has greater thermal stability, and with this, a theoretical density reaching 1
Tb/in2 is forecasted.
CD ROM, CD-R/RW and DVD are currently used for optical disk memory, but research is moving
ahead on next-generation DVD optical disks to provide even greater capacity. Three systems are being
examined: using an approximately 0.1mm thick transparent cover layer; using 0.3–0.4m disk substrates
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bonded together; and using the same disk substrate thickness (0.6mm) as current DVDs. From a high-
density perspective, the thin-film cover system has been completed and looks quite promising. It raises the
surface recording density to more than 20 Gb/in2. A surface recording density of more than 100 Gb/in2 is
expected to be realized by about 2010 using near-field recording or super resolution read technology.
As for removable media, we have seen advances from the floppy disk to memory cards using flash
memory technology, which are already being applied in portable devices. FeRAM (Ferroelectric RAM)
technology is currently being examined for use in memory cards. However, for FeRAM to achieve a cell
area roughly the area of DRAM, ferroelectric capacitors will have to be made smaller and three-
dimensional. Attempts at size reduction are being made through the perpendicular processing of capacitors
by introducing perpendicular etching technology, and by adopting a 1T1C system that combines one
transistor and one capacitor, or a stack system that lays transistor on capacitor, while 3-D formation is
being attempted by reducing the thickness of the ferroelectric film. This technology will be ready for
practical application within the next few years. MRAM uses magnetic orientation to record data, and it is
forecasted that 256 Mb memory will be commercialized in 2004. There are two fabrication methods:
combining MOSFETs and TMR devices; and TMR devices alone. However, memory cells are most likely
to be fabricated using TMR devices alone to reduce cell area and manufacturing costs. Phase-change
memory uses the relative difference in the resistance of phase-change film depending on whether the
portion of the film is amorphous or crystalline, and it too will be commercialized in the future.
For the future, research is being conducted into ultra-high-density memory based on the principle of
scanning probe microscopes, typified by the scanning tunneling microscope and atomic force microscope.
This is a recording system in which the voltage applied between the tip and sample using an ultra-
microscopic tip, and the actions of electron injection, heat and micro forces that accompany this are
carried out in the order of atoms or nanometers. If this is realized, a surface recording density of 100Gb–
1Tb/in2 is achievable.
Experts are also forecasting the development of devices capable of high-density storage at the
molecular level with DNA/RNA functions, but at this stage, there are a number of technological problems
that will have to be overcome. There are also expectations of the practical application of optical memory
using holography. The key point is the development of highly sensitive, reliable and inexpensive recording
material. As long as normal photo-refractive material is used as the recording medium, reproduction will
invariably deteriorate over time. Therefore, research is being carried out into heat or electric field fixing,
or two-photon absorption media, and into systems that use photopolymers as the recording medium. These
days, attention is being focused on hologram disks using two-photon absorption media and photopolymers.
Moreover, research is also being carried out into 3-D recording high-density optical memory that enables
multi-layer recording of bit data using the two-photon absorption principle.
(Hidemi Takasu)
3.1.7. Display electronics
In this the IT and multimedia era, display devices — the heart of the human-machine interface — are
advancing remarkably across all aspects of content, quality and quantity. The 2000 display market was
worth about ¥6 trillion, and 65–70% of that was CRT displays. The angle of deviation was improved from
the previous 107° to 120° to make the depth shallower.
With the rapid spread of notebook computers video cameras, car navigation systems, mobile phones
and the like over the past few years, combined with the popularity of LCD displays with their small
footprint for desktop computer monitors, the full-color liquid crystal display (TFT-LCD) market has
expanded dramatically, and is expected to reach ¥2 trillion in 2001, and ¥5 trillion in 2005. TFT-LCD
screens are becoming larger and clearer. Screens larger than 20 inches and 100ppi (pixels/inch) are already
available, and there are plans to release 22-inch (3840x2400 pixels) displays. Manufacturers have already
achieved 6.4-inch TFT-LCD screens with printer-level clarity of 202ppi for mobile devices. Further
development of microprocessing technology is necessary to achieve screens providing high-quality
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printing level clarity of 600ppi, and this development is moving ahead quite steadily.
Meanwhile, PDP (plasma display panels) for large and super-large screens of more than 40 inches are
readily available. For large-scale systems, projection displays using low-temperature polycrystal Si LCD
and high-temperature polycrystal Si LCD are becoming clearer, smaller and cheaper, and are gradually
pushing out OHP systems as a presentation tool.
Another area attracting interest is the organic EL panel. Still only at the trial stage, EL panels are
brighter, offer higher contrast, and are more responsive to moving images than LCDs. As it is a light
emission system, the colors are vivid, and the image is not affected by the angle of vision. Many trials are
being carried out on panels of less than 10 inches with a view to application in mobile phones and
terminals, but there are also moves aimed at using EL panels in place of 20–30-inch CRT and LCD
screens. Future trends are toward even larger displays, and small spectacle displays that utilize the high
clarity and light-weight features of display technology (topics 67, 68 and 69).
Although not covered in the survey, FED (field emission display) is a new type of display that is
showing rapid progress, and six-inch color FED panels have already been manufactured on a trial basis.
Diamond or DLC (diamond-like carbon) are used in the “cold” cathode, but trials using carbon nano-tubes
are being carried out as R&D progresses. This technology shows great potential for providing extremely
clear displays.
Three-dimensional movie image display technology has generally come to a standstill. There is
however, a higher possibility of realizing ultra-light-weight spectacle displays with the advances made in
organic EL display technology (topics 66 and 69).
Active development is being carried out into “electronic paper” for rewritable displays that are
flexible, easy-to-read, non-volatile, and do not require power once the display has been written. Systems
being researched include one in which millions of microscopic charged balls black on one side and white
on the other are contained in liquid between two sheets of conductive plastic, and rotating the electric field
causes a change in color; and another in which microscopic white particles in dyed liquid are moved
within an electric field to change color. Demonstrations of large displays of 1.8x1.2m have already been
carried out. Realization of displays that can be handled like newspapers or magazines do not seem to be
very far off (topic 68).
(Hajime Ishikawa)
3.1.8. Superconductors
The superconducting phenomenon is a macro-quantum effect, and through the use of its distinctive
properties, we can look forward to the application of a unique electronics field that cannot be realized with
semiconductors and other electronic devices. R&D into superconducting electronics started with the
discovery of the Josephson effect in 1962. Two epochal events in this field are the development and
suspension of work on the IBM Josephson computer in the 1970s and the discovery of a high-temperature
superconductor in 1986, and at each of these milestones, the technology made a significant leap. However,
the problem remains that the market for applied products does not seem to be expanding commensurate
with the high expectations surrounding this technology.
The applied fields of superconducting electronics can be broadly classified into highly sensitive
sensing technology, typified by SQUID (superconducting quantum interference device); and digital
application characterized by low-loss analog components in the microwave domain, ultra-high speed and
low power consumption.
SQUIDs function as magnetic sensors capable of detecting minute magnetic fields of the fT (femto-
Tesla) level, and systems for measuring the magnetic field generated by the brain and the heart when
active have been developed and are being used in the medical care field. SQUID development is
continuing based on high-temperature superconductors, and as the systems become smaller and lighter,
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their application is expanding to non-medial fields. For example, systems for mapping defective wiring in
integrated circuit chips and packages through the detection of magnetic fields generated by the flow of
electrical current along the wiring are being developed (topic 55). High-speed signals of tens of GHz or
higher have been successfully detected by sampling the detected magnetic field. Considering the pace of
this development, it would seem that the forecasted realization time of 2014 should perhaps be moved
forward a fair amount.
Low-loss analog components make use of the fact that superconductors have a lower surface
resistance to high-frequency signals up to the millimeter waveband than ordinary metal does. Current
development is focused on using superconducting filters in the front end of mobile phone base stations.
Superconducting filters provide low insertion loss and a sharp passband, giving better reception at base
stations and improved selectivity with other stations. Filter subsystems with built-in refrigeration units
have already gone beyond the development stage, and are at the field test stage, so we can say that topic
16 is just around the corner. Issues that need to be addressed for its widespread use are reliability and cost
of refrigeration units.
As for digital application, focus is currently on the development of ultra-high speed extremely low
power consumption digital systems using SFQ (single flux quantum) as information carriers. This system
is characterized by information processing with an extremely high throughput reaching Tbps levels, and
this can be used to its maximum effect in systems such as broadband high-precision A/D converters, high-
end routers, and high-end servers. Topic 14 is certainly not a wild dream. But to realize this,
superconducting LSI technology has to be developed. Regarding topic 09, current junction integration is at
the several tens level, and LSI development is moving ahead, but interface control is proving to be
troublesome because of the complexity of high-temperature superconducting material. Development is
especially concentrating on keeping down variations in the integrated junctions. Even if high-temperature
superconducting LSI is not developed, metallic (Nb) junction integration technology has certainly reached
the functional stage, so at present, this integration technology will probably be used.
New application fields still need to be cultivated in superconducting electronics, and a major R&D
theme for the future is how to bring this unique technological field even one step closer to the commercial
markets.
(Hisao Hayakawa)
3.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
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Topic Framework for Electronics field
Domain
Objective
Microelectronic
s Optoelectronics
Molecular, bio-
and sensor
electronics
Storage and
display
electronics
Search for new principles,
phenomena and devices
01 02 03 04 05 31 32 33 34 46 47 48 49 61
High integration and large volume 06 07 08 09 35 50 62
Miniaturization and large size 10 51 63 64
High speed 11 12 13 14 36
Super paralleling 37 38 39
High sensitivity and high
resolution
15 52 53 54 55 65
High performance, advanced
functions, system integration and
intellectual integration
16 17 18 19 20 40 41 42 56 57 58 66
High efficiency, high output and
low power consumption
21 22 43
Large scale and wide area 44 45 67
Intelligence, flexibility, ease of
use, human interface and
portability
23 24 25 26 27
28
59 60 68 69
High productivity, high reliability,
low cost, and rationalization of
design/verification
29 30
3.3. Topics with high degree of importance
The following summarizes the responses (excluding those by respondents who indicated “none” in
expertise) on degree of importance to Japan.
The overall importance index for the “Electronics” field is 66.2. The following table shows the top 20
topics in degree of importance. Topics connected with the mass-production and processing of nano-scale
LSI patterns were assessed as being the most important, while topics dealing with microelectronics and
optoelectronics were also given a relatively high degree of importance.
Table 3.3-1   Top 20 topics in terms of degree of importance
Topic Importanceindex
Forecasted
realization time
06:Practical use of technology enabling the mass production of LSI with
minimum pattern dimensions of 10nm. 91 2015
25:Widespread use of a portable multimedia wireless terminal operating at
about 100 Mbps which can be used throughout the world. 90 2013
10:Practical use of non-volatile, rewritable random access semiconductor
memories with more than 100 Gbits capacity. 88 2016
22:Development of logic LSIs with 10 GOPS (giga-operations per second)
performance and power consumption of 10 milliwatts or less. 86 2018
13:Practical use of TOPS (tera-operations per second) level microprocessors. 86 2019
36:Widespread use of 10 Gbps optical subscriber systems in homes. 86 2014
29:Practical use of technology that can completely automatically design high
performance LSIs with several hundred kilo gates or more when given the
required system-level specifications written in a high-level language such
as C.
85 2011
07:Practical use of VLSI with more than 256 Gbits of memory per chip. 85 2015
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Topic Importanceindex
Forecasted
realization time
18:Practical use of card-size wireless communication instruments capable of
changing specifications, such as center frequencies, band width,
modulation method, and error correction method, by software operations.
85 2012
11:Practical use of LSIs operating at clocking frequencies of more than 50
GHz. 84 2015
37:Practical use of optical communication systems capable of transmitting
signals through multiplexed 1,000 channels at 100 Gbps over a single
optical fiber.
84 2016
01:Practical use of single atom/molecule manipulation techniques as methods
for device fabrication and gene manipulation. 83 2015
17:Practical use of 100M gate scale LSIs whose functions are reconfigured in
real time. 81 2014
24:Practical use of card-sized automatic interpretation system (voice
input/output). 81 2015
62:Development of a magnetic recording hard disk capable of recording one
terabit density per square inch. 79 2015
28:Development of one-chip ubiquitous computer with which information
can be exchanged anytime, anywhere, and with anyone. 79 2014
63:Practical use of optical memory of one terabit or more per square inch. 77 2018
65:Practical use of flat panel displays of at least A3 size with display quality
equivalent to high-grade printing (600dpi or more). 77 2013
27:Widespread use of battery-free, non-contact smart IC cards or RF-ID
(radio frequency identification) TAG for use in navigation for visually
impaired people, medical care cards, goods distribution TAG, etc.
75 2011
19:Practical use of an automatic automobile driving system using GPS with a
resolution capability of 10cm or less. 74 2014
3.4. Forecasted realization times
The following figure shows the distribution of forecasted realization times. A comparison between all
topics and topics in “Electronics” shows that many electronics topics are forecasted to be realized in
2016–2020. It also shows that 80% of electronics topics are located in the realization period of 2011–2020.
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Figure3.3-1   Forecasted realization times
3.5. Current leading countries
The following figure shows the results for current leading countries. In the overall electronics field,
USA is the top country with 71.8%, followed by Japan with 58.7%, and the EU with about one fifth that of
Japan.
Figure 3.3-2   Current leading countries (%)
3.6. Comparison with the 6th survey
Of the 69 topics, 19 (28%) are unchanged (remained unchanged from the previous survey), 32 (46%)
are revised (partially revised from the previous survey, and 18 (26%) are new. The following table
compares degree of importance percentages and forecasted realization times for unchanged topics in this
survey and the last survey.
On degree of importance, six topics recorded a higher importance index, one remained the same, and
12 recorded a lower index. As for forecasted realization time, three topics are earlier and 14 topics are
later in this survey than in the last survey, while two remain the same. No topics recorded a significant
change in forecasted realization time.
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Table 3.3-2 Comparison with 6th survey for identical topics
Importance index/
Forecasted realization timeTopic
7th survey 6th survey
07:Practical use of VLSI with more than 256 Gbits of memory per chip. 85 / 2015 94 / 2014
10:Practical use of non-volatile, rewritable random access semiconductor
memories with more than 100 Gbits capacity. 88 / 2016 88 / 2017
21:Practical use of logic ICs useable in high-temperature environments up
to 500°C. 46 / 2017 51 / 2015
22:Development of logic LSIs with 10 GOPS (giga-operations per second)
performance and power consumption of 10 milliwatts or less. 86 / 2018 87 / 2014
23:Development of an "artificial intelligence chip" capable of
understanding and sharing human emotions. 59 / 2026 64 / 2024
26:Widespread use (one in every household) of "housekeeping robots"
capable of cleaning, laundry, etc. 61 / 2018 50 / 2018
34:Practical use of lasers, optical switches, or other devices made of solid
organic materials. 56 / 2014 52 / 2012
36:Widespread use of 10 Gbps optical subscriber systems in homes. 86 / 2014 79 / 2015
38:Practical use of 1000 × 1000 surface emitting laser array, to be used in
optical interconnections, for instance. 63 / 2015 61 / 2014
41:Practical use of soft X-ray lasers oscillating at wavelengths in the order
of 10Å. 50 / 2018 58 / 2016
45:Practical use of optical soliton transmission for intercontinental
undersea cables and other long-distance fiber communications. 59 / 2015 65 / 2010
47:Development of logic LSIs and memory LSIs in which the basic
switching element is a single molecule. 62 / 2023 61 / 2021
48:Development of medical micromachine devices powered by the ATP
etc. contained in blood. 67 / 2022 69 / 2017
54:Development of non-invasive, CT-type devices capable of recognizing,
in real time, excited cerebro-neural states with a resolution on the order
of 1 mm.
62 / 2017 77 / 2012
57:Practical use of biosensors utilizing antibodies. 61 / 2012 65 / 2007
58:Practical use of diagnostics and treatment of medical conditions using
devices implanted inside the human body. 62 / 2016 69 / 2013
61:Development of a storage system in which one atom or molecule
corresponds to 1 bit. 68 / 2022 76 / 2022
62:Development of a magnetic recording hard disk capable of recording
one terabit density per square inch. 79 / 2015 83 / 2017
69:Practical use of miniature file devices that fit inside a pair of glasses
and make it possible, for example, to watch a movie anywhere and at
any time.
52 / 2016 46 / 2015
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3.7. Table of survey results
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1 237 19 37 45 79 60 37 3 0 76 18 28 46
2 192 17 36 47 83 68 29 3 0 79 11 20 49
X 32 100 0 0 88 78 19 3 0 88 13 19 50
1 214 19 34 47 67 40 47 13 0 79 12 17 41
2 173 17 35 49 66 38 51 11 0 82 5 13 40
X 29 100 0 0 78 62 28 10 0 79 10 24 52
1 237 24 42 34 69 46 40 12 2 76 10 15 27
2 187 19 48 33 73 50 41 8 1 81 8 13 25
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1 133 3 21 76 58 25 56 20 0 53 18 61 25
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2 181 33 39 28 60 32 48 17 3 90 1 13 4
X 59 100 0 0 66 42 42 12 4 92 2 14 2
1 179 14 39 47 49 20 40 34 5 70 12 15 24
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X 19 100 0 0 75 61 17 22 0 79 11 32 21
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2 180 39 34 27 88 76 21 2 0 93 2 33 7
X 70 100 0 0 94 88 10 1 0 94 1 37 11
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Practical use of single atom/molecule
manipulation techniques as methods for device
fabrication and gene manipulation.
Practical use of quantum-phase devices that can
be applied to ultra-high-speed computation or
cryptography through quantum computing etc.
Practical use of LSIs using the single-electron
effect.
Elucidation of the mechanisms by which single-
cell organisms etc. respond to external stimuli,
and widespread use of such mechanisms as
sensors.
Development of DNA memory with self-
multiplication and self-recovery functions that
imitates the data duplication, separation, and
memory systems based on  the four kinds of DNA
base combination.
Practical use of technology enabling the mass
production of LSI with minimum pattern
dimensions of 10nm.
Practical use of VLSI with more than 256 Gbits
of memory per chip.
Widespread use of wafers of 600mm in diameter.
Development of high-temperature
superconductive LSI that integrates more than
one million junctions.
Practical use of non-volatile, rewritable random
access semiconductor memories with more than
100 Gbits capacity.
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1 237 33 40 27 80 63 32 5 0 91 6 36 17
2 193 28 45 27 84 70 26 3 1 92 3 31 9
X 54 100 0 0 90 81 15 4 0 96 2 30 7
1 185 14 39 46 64 37 48 13 2 87 4 24 14
2 148 14 41 45 64 34 57 8 2 88 3 18 8
X 21 100 0 0 80 62 33 5 0 90 5 19 14
1 207 19 35 46 81 64 34 3 0 88 10 36 18
2 161 17 36 47 86 73 25 2 0 92 7 33 11
X 28 100 0 0 89 79 21 0 0 93 14 46 21
1 167 11 32 57 47 17 43 32 8 69 8 14 23
2 132 9 27 64 46 12 53 29 5 77 5 10 16
X 12 100 0 0 56 42 17 25 17 75 0 25 8
1 138 10 26 64 53 19 57 23 1 54 7 7 68
2 114 5 28 67 52 14 67 18 1 58 0 3 65
X 6 100 0 0 42 17 33 33 17 33 0 0 83
1 168 13 30 58 52 21 48 27 4 76 8 32 12
2 131 11 29 60 50 16 56 24 3 83 5 22 8
X 15 100 0 0 68 47 40 7 7 80 0 33 0
1 199 21 38 42 75 54 39 6 1 88 5 37 17
2 156 20 40 40 81 64 33 3 0 92 3 31 9
X 31 100 0 0 85 74 19 6 0 90 0 35 16
1 172 14 31 55 76 58 32 9 1 82 5 55 6
2 141 11 30 59 85 71 26 3 0 87 4 51 1
X 15 100 0 0 97 93 7 0 0 100 0 47 0
1 185 10 19 70 71 49 40 10 2 71 14 74 6
2 146 5 21 74 74 53 38 8 1 69 6 77 3
X 8 100 0 0 84 75 13 13 0 75 13 50 13
1 183 10 28 62 59 31 46 23 1 73 9 34 33
2 147 10 27 64 57 24 55 20 1 75 5 33 33
X 14 100 0 0 55 21 57 21 0 64 0 21 21
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Practical use of LSIs operating at clocking
frequencies of more than 50 GHz.
Practical use of wide-band solid-state amplifiers
operating at in the frequency range from DC to
about 1000GHz.
Practical use of TOPS (tera-operations per
second) level microprocessors.
Practical use of superconductor LSIs that operate
at  clocking frequency of several hundred GHz or
more.
Development of X-ray microscopes capable of
resolution of 10nm or less.
Widespread use of high-temperature
superconducting materials in passive circuits for
wireless communication systems.
Practical use of 100M gate scale LSIs whose
functions are reconfigured in real time.
Practical use of card-size wireless communication
instruments capable of changing specifications,
such as center frequencies, band width,
modulation method, and error correction method,
by software operations.
Practical use of an automatic automobile driving
system using GPS with a resolution capability of
10cm or less.
Practical use of neuron chips with Gbit-level
memory capacity.
175
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
5 4 46 93 12 1 2 40 48 49 64 10 3 0 1 5 6 2 3
3 4 42 93 7 1 1 45 49 52 70 7 1 0 0 4 6 0 2
9 0 48 93 11 2 0 43 48 63 70 9 2 0 0 6 2 0 2
9 16 47 70 19 0 16 41 42 49 48 10 4 0 1 5 4 1 4
6 15 36 76 12 0 16 43 45 52 51 6 3 0 1 6 4 0 2
10 0 52 76 29 0 5 52 62 43 43 5 0 0 5 0 10 0 5
0 10 27 91 6 1 4 46 53 51 57 11 3 0 0 3 5 3 2
0 7 20 94 3 0 2 50 52 55 66 9 1 0 0 2 4 1 2
0 4 43 96 11 0 0 39 57 57 82 14 0 0 0 4 7 0 4
31 16 49 54 12 0 19 39 37 40 33 5 0 0 1 5 5 2 2
38 10 47 59 5 0 20 45 36 42 30 3 1 0 2 3 3 0 2
50 0 42 67 0 0 8 50 42 33 42 0 0 0 0 0 0 0 0
1 14 44 53 30 0 25 43 40 48 42 4 1 0 0 4 10 1 4
0 9 49 63 27 0 19 42 46 52 43 2 0 0 0 1 11 1 3
0 0 67 83 67 0 0 33 17 83 50 0 0 0 0 0 33 0 0
20 8 58 58 15 0 15 27 33 36 41 12 7 1 1 2 5 1 2
21 3 67 59 11 0 13 27 34 41 43 11 2 0 0 2 5 0 2
20 7 73 73 20 0 0 13 27 60 60 20 0 0 0 0 13 0 0
1 8 48 80 6 3 9 43 43 46 55 13 2 0 1 3 4 2 3
1 6 44 84 4 1 7 48 49 49 67 10 2 0 0 2 4 1 1
0 0 68 87 6 3 3 55 61 42 68 10 3 0 0 3 0 0 0
0 6 52 73 27 0 9 41 42 39 53 19 16 1 0 3 9 5 2
0 4 57 77 21 0 4 38 43 40 65 17 15 1 0 1 9 3 1
0 0 60 67 40 0 0 53 53 53 67 27 13 0 0 0 20 0 7
6 4 59 75 21 0 9 21 38 44 48 14 21 5 1 8 18 7 2
5 3 63 80 14 0 6 17 41 44 58 12 15 7 0 5 18 3 1
13 0 50 75 25 0 0 50 38 38 63 13 25 13 0 13 38 0 0
8 13 46 68 11 1 16 54 48 43 43 11 2 1 1 4 7 8 3
7 10 47 77 8 0 12 63 45 45 45 7 1 1 0 4 6 11 3
7 14 57 57 7 0 21 36 43 36 43 7 0 7 0 7 7 21 7
Leading countries (%)Forecasted realization time
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1 185 17 35 48 47 16 41 40 3 58 29 23 22
2 149 14 34 52 46 11 55 32 2 70 24 17 15
X 21 100 0 0 51 19 52 24 5 67 43 19 14
1 207 23 36 41 82 67 28 5 0 84 15 47 15
2 162 20 38 41 86 74 22 4 0 94 14 42 4
X 33 100 0 0 92 84 16 0 0 97 9 52 0
1 176 7 22 71 61 32 48 17 2 55 7 66 34
2 146 4 18 77 59 25 61 13 1 62 2 71 32
X 6 100 0 0 58 33 33 33 0 67 0 50 33
1 202 6 31 62 77 59 32 8 0 72 17 84 19
2 164 4 30 65 81 64 31 5 0 76 5 87 10
X 7 100 0 0 100 100 0 0 0 86 29 57 14
1 218 12 34 54 82 67 27 5 0 83 11 75 11
2 171 8 34 58 90 81 16 2 1 88 6 73 4
X 13 100 0 0 94 92 0 8 0 85 15 69 15
1 189 3 20 77 60 32 47 21 1 46 5 92 4
2 151 3 16 81 61 29 56 15 0 44 2 89 2
X 4 100 0 0 75 50 50 0 0 75 25 50 0
1 212 12 30 58 72 48 45 7 0 63 8 92 4
2 168 10 30 60 75 53 41 6 0 61 2 91 1
X 17 100 0 0 94 88 12 0 0 82 0 88 0
1 172 11 33 56 74 51 43 6 0 80 5 79 11
2 144 9 33 58 79 60 36 4 0 86 1 78 3
X 13 100 0 0 92 85 15 0 0 92 8 77 0
1 168 15 29 56 77 57 37 5 1 92 2 17 13
2 136 16 24 60 85 71 26 2 0 94 1 11 4
X 22 100 0 0 89 77 23 0 0 100 0 18 0
1 166 14 35 51 57 27 50 23 1 82 2 11 25
2 134 13 37 51 55 18 67 14 1 88 1 4 22
X 17 100 0 0 63 29 65 6 0 82 0 6 29
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Practical use of logic ICs useable in high-
temperature environments up to 500°C.
Development of logic LSIs with 10 GOPS (giga-
operations per second) performance and power
consumption of 10 milliwatts or less.
Development of an "artificial intelligence chip"
capable of  understanding and sharing human
emotions.
Practical use of card-sized automatic
interpretation system (voice input/output).
Widespread use of a portable multimedia wireless
terminal operating at about 100 Mbps which can
be used throughout the world.
Widespread use (one in every household) of
"housekeeping robots" capable of cleaning,
laundry, etc.
Widespread use of battery-free, non-contact smart
IC cards or RF-ID (radio frequency identification)
TAG for use in navigation for visually impaired
people, medical care cards, goods distribution
TAG, etc.
Development of one-chip ubiquitous computer
with which information can be exchanged
anytime, anywhere, and with anyone.
Practical use of technology that can completely
automatically design high performance LSIs with
several hundred kilo gates or more when given
the required system-level specifications written in
a high-level language such as C.
Practical use of devices that detect signals from
an area of less than 10 nm dimension in LSI with
a time resolution of 1 pico-second.
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9 14 42 60 12 0 22 35 43 42 46 9 1 0 1 8 4 1 3
7 10 44 72 10 0 18 34 42 51 51 7 2 0 0 5 3 1 2
0 5 57 71 24 0 5 33 67 71 71 14 0 0 0 14 0 0 0
4 7 51 87 8 1 5 51 46 48 57 11 2 0 0 4 4 2 2
3 5 53 93 4 2 3 51 44 51 71 8 1 1 0 4 4 1 2
9 6 79 94 6 3 3 55 55 64 76 9 0 0 0 3 3 0 3
14 15 27 65 11 0 22 58 41 45 34 10 3 3 1 5 12 29 2
15 15 25 75 11 0 15 67 40 51 38 7 3 2 1 3 12 37 1
17 17 67 50 17 0 17 67 50 33 33 0 0 0 17 0 17 50 0
0 4 77 57 16 0 9 29 44 38 53 19 4 1 0 2 6 7 2
0 3 84 57 13 0 8 27 48 38 66 15 1 0 0 2 6 7 2
0 0 100 86 14 0 0 43 43 71 71 14 0 0 0 0 14 0 0
0 1 72 79 50 0 2 29 36 38 54 21 27 3 1 6 11 10 2
1 1 81 82 49 0 1 26 36 42 65 16 21 2 1 2 12 10 2
8 0 92 85 62 0 0 46 62 54 62 31 38 0 0 8 8 23 0
7 5 75 39 7 0 14 22 31 33 40 32 11 2 1 4 19 17 1
5 1 89 32 3 0 5 22 34 31 54 32 9 2 1 3 21 19 0
0 0 75 50 0 0 0 75 75 25 25 50 0 0 0 0 0 0 0
1 2 68 59 32 1 7 19 35 28 48 26 25 5 2 2 11 7 3
1 2 80 58 24 1 4 14 39 29 63 26 20 3 1 1 11 7 1
0 0 82 53 47 0 0 29 53 29 53 47 18 12 0 0 18 12 0
2 5 48 84 16 0 9 35 44 35 53 23 13 2 0 5 10 9 2
1 3 46 88 11 0 4 30 43 43 60 23 8 1 0 3 9 6 1
0 0 62 77 31 0 0 38 31 54 69 38 8 8 0 8 8 8 0
0 5 29 95 14 1 2 55 46 42 48 20 3 0 0 2 4 3 3
0 2 21 96 8 1 0 65 47 43 57 15 1 0 0 1 1 2 1
0 0 41 91 14 5 0 68 45 55 68 18 0 0 0 0 5 5 0
4 10 56 75 17 0 13 34 45 49 56 9 1 0 0 4 3 2 3
2 8 58 79 13 0 11 30 46 54 64 6 0 0 0 3 1 1 2
6 0 71 82 18 0 6 29 35 59 76 29 0 0 0 0 0 0 0
Leading countries (%)Forecasted realization time
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1 178 19 31 49 67 41 45 13 1 84 4 38 12
2 148 18 30 52 69 42 50 8 0 91 1 31 7
X 26 100 0 0 77 54 46 0 0 88 0 46 12
1 132 22 28 50 58 28 47 24 1 77 7 23 17
2 109 20 28 51 57 23 58 19 0 88 2 21 7
X 22 100 0 0 67 41 45 14 0 86 0 32 14
1 128 23 34 44 57 27 49 24 0 80 7 24 21
2 108 19 35 46 57 23 58 19 0 87 3 19 13
X 20 100 0 0 61 30 55 15 0 80 0 15 30
1 144 17 27 56 56 25 51 22 1 77 5 28 14
2 121 15 27 58 56 23 59 18 1 88 3 25 7
X 18 100 0 0 65 39 44 17 0 89 6 39 6
1 154 11 32 56 60 32 48 18 2 84 5 21 16
2 128 12 28 60 61 29 58 13 1 89 2 16 9
X 15 100 0 0 67 40 47 13 0 93 13 7 7
1 185 23 25 51 78 60 32 8 1 86 9 72 13
2 151 21 26 54 86 74 21 5 1 92 5 69 5
X 31 100 0 0 81 68 23 6 3 90 13 68 13
1 163 25 25 50 78 59 34 6 1 89 13 50 10
2 134 25 24 51 84 70 25 4 1 93 7 49 5
X 33 100 0 0 82 67 30 0 3 100 18 42 9
1 151 22 26 52 64 36 50 12 1 90 7 30 11
2 128 20 31 48 63 31 59 9 1 91 3 22 8
X 26 100 0 0 69 46 42 8 4 96 8 27 12
1 187 22 32 46 67 40 48 12 1 92 5 27 16
2 153 22 31 47 69 43 48 8 1 93 3 18 8
X 34 100 0 0 72 50 44 0 6 94 9 24 9
1 151 25 24 51 65 38 49 13 1 89 6 26 13
2 120 28 23 48 66 38 53 8 1 93 3 21 8
X 34 100 0 0 71 47 44 6 3 97 3 24 9
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Practical use of ultraviolet semiconductor lasers.
Practical use of semiconductor lasers with a
temperature dependence of wavelength of 10-
7/deg (about the same as quartz oscillators)
without external stabilization circuits.
Development of semiconductor lasers whose
threshold current is 10-4 or less of the operating
current by controlling spontaneous emission.
Practical use of lasers, optical switches, or other
devices made of solid organic materials.
Development of POPS (peta-operations per
second) level microprocessors that partly use
optical integrated circuits.
Widespread use of 10 Gbps optical subscriber
systems in homes.
Practical use of optical communication systems
capable of transmitting signals through
multiplexed 1,000 channels at 100 Gbps over a
single optical fiber.
Practical use of 1000 × 1000 surface emitting
laser array, to be used in optical interconnections,
for instance.
Practical use of inter-chip optical interconnection
technology.
Practical use, in the field of optical
communications and optical switching, of
technology to convert the wavelength of an
optical signal directly into another wavelength.
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0 7 83 46 10 0 7 28 49 30 58 14 2 0 0 8 9 2 3
0 4 95 41 5 0 3 23 45 30 68 9 1 0 0 6 11 0 2
0 8 92 31 0 0 8 31 23 42 77 19 4 0 0 4 12 0 4
11 17 67 52 13 0 13 33 35 34 48 8 2 0 0 4 4 0 4
8 13 83 54 7 0 6 32 34 36 55 5 1 0 0 5 4 0 4
9 9 100 59 14 0 0 36 27 41 64 14 0 0 0 9 9 0 5
2 10 73 64 15 0 10 38 36 43 55 6 2 0 0 3 4 0 4
4 8 84 64 7 0 6 35 36 41 59 3 0 0 1 3 5 0 3
5 10 80 80 5 0 5 35 20 50 65 5 0 0 5 5 5 0 5
3 3 55 67 22 0 15 43 42 42 50 8 2 0 1 7 4 0 4
1 2 57 74 15 0 11 40 44 41 59 5 1 0 1 7 2 0 3
0 0 67 72 22 0 11 39 44 50 72 11 0 0 6 6 6 0 6
18 8 42 67 10 0 16 45 42 38 42 5 1 0 0 5 3 1 3
19 4 46 73 7 0 13 45 43 41 42 2 0 0 0 4 3 1 2
13 0 67 67 0 0 7 47 53 33 40 0 0 0 0 13 7 0 0
5 3 72 74 20 0 3 23 28 39 48 24 38 2 1 3 8 7 3
3 2 76 77 17 0 3 15 29 40 60 23 42 3 0 2 5 6 2
6 3 84 74 29 0 3 19 32 45 61 32 42 0 0 6 13 13 3
5 7 71 75 14 0 6 28 38 48 66 12 14 1 1 4 4 2 3
3 4 83 78 10 0 4 25 37 54 78 4 15 1 0 2 3 2 3
3 6 91 76 15 0 0 27 39 48 85 3 15 0 0 6 9 6 6
3 5 66 77 6 0 6 26 40 46 62 13 2 0 1 3 5 1 3
2 4 75 81 3 0 3 28 44 38 69 8 2 0 0 2 5 1 2
0 8 85 85 8 0 0 50 35 46 65 8 4 0 0 8 12 0 4
4 3 68 72 14 0 6 27 47 45 59 10 3 0 1 2 4 2 2
3 1 72 78 8 0 5 25 48 48 67 8 3 0 0 3 3 2 2
3 3 85 82 12 0 0 35 41 53 71 15 9 0 0 9 12 3 0
1 8 63 66 26 0 10 35 40 41 50 13 3 0 0 2 5 1 3
0 8 73 70 24 0 8 38 39 41 59 6 3 0 0 2 5 2 3
0 6 82 62 35 0 0 41 32 44 74 9 6 0 0 6 12 3 6
Leading countries (%)Forecasted realization time
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1 104 8 30 63 51 15 58 27 0 63 3 12 40
2 84 4 26 70 50 10 70 21 0 75 4 8 33
X 3 100 0 0 83 67 33 0 0 100 0 0 0
1 140 19 36 45 62 36 43 17 4 86 6 22 19
2 115 15 41 44 61 30 55 13 2 91 2 12 13
X 17 100 0 0 71 47 41 12 0 94 0 12 35
1 165 15 26 59 59 35 34 26 4 63 41 54 4
2 143 13 24 64 63 38 42 17 4 71 31 51 2
X 18 100 0 0 78 61 28 11 0 78 39 67 0
1 137 13 29 58 52 24 39 33 5 78 23 24 13
2 106 10 28 61 48 14 56 23 7 86 20 17 10
X 11 100 0 0 66 36 55 9 0 100 36 27 0
1 137 21 24 55 59 30 49 19 2 88 11 21 11
2 107 21 23 56 59 27 58 13 2 96 7 16 6
X 22 100 0 0 56 32 36 23 9 100 9 9 5
1 130 5 20 75 71 47 44 9 0 67 6 42 51
2 108 3 11 86 71 45 47 8 0 75 5 33 53
X 3 100 0 0 58 33 33 33 0 67 0 0 0
1 154 11 23 66 62 36 44 17 3 78 7 27 32
2 125 7 20 73 62 31 57 10 3 80 2 20 29
X 9 100 0 0 58 33 33 33 0 56 11 22 44
1 90 4 17 79 66 39 48 10 2 46 8 79 17
2 65 2 12 86 67 37 57 6 0 49 5 83 12
X 1 100 0 0 50 0 100 0 0 0 0 100 0
1 100 11 34 55 53 16 64 18 2 59 19 31 22
2 77 14 30 56 55 17 67 16 0 73 19 26 16
X 11 100 0 0 64 27 73 0 0 73 9 36 0
1 140 4 23 73 67 40 48 13 0 52 10 81 17
2 118 3 19 78 68 40 53 7 0 51 8 81 14
X 3 100 0 0 67 33 67 0 0 33 33 67 0
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Practical use of soft X-ray lasers oscillating at
wavelengths in the order of 10Å.
Development of highly integrated CMOS LSI
which utilizes photonic crystal nano-wiring.
Widespread use of semiconductor light sources
for almost all indoor lighting.
Practical use of long-distance backbone
communication network using optical
communications between satellites.
Practical use of optical soliton transmission for
intercontinental undersea cables and other long-
distance fiber communications.
Development of artificial neural networks with
learning functions based on elucidation of the
interconnective mechanism in the cerebral
nervous system.
Development of logic LSIs and memory LSIs in
which the basic switching element is a single
molecule.
Development of medical micromachine devices
powered by the ATP etc. contained in blood.
Practical use of photonic sensing technology that
utilizes unused electromagnetic waves in the
1THz–10THz band.
Practical use of micro-robots for internal
examinations of human body which integrate
sensors, controllers, and actuators, using
micromachine technology.
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0 14 36 70 17 0 19 41 34 51 36 5 0 0 0 8 16 1 2
0 14 31 77 14 0 11 48 36 61 33 1 0 0 0 10 14 1 1
0 0 67 33 0 0 0 100 0 67 33 0 0 0 0 33 67 0 0
13 15 59 69 15 0 11 45 49 47 44 6 1 0 0 3 4 3 2
11 15 61 76 8 0 6 49 56 50 48 3 0 0 1 3 3 2 3
18 12 94 71 24 0 0 53 53 53 59 0 0 0 0 6 6 0 0
18 10 72 35 8 0 17 17 24 31 45 25 12 3 1 5 7 1 1
12 4 80 27 6 0 10 15 25 28 56 22 10 2 1 6 6 1 1
17 6 94 22 11 0 6 17 22 33 78 22 11 0 0 11 17 0 0
18 12 29 71 10 0 12 23 33 38 42 5 11 1 0 4 6 2 4
16 9 19 77 5 0 10 19 35 43 48 7 8 0 0 4 6 1 4
0 0 36 91 9 0 0 9 64 64 64 0 18 0 0 0 9 0 0
8 14 73 67 17 0 7 26 31 45 48 4 6 0 1 3 4 1 4
6 15 79 67 11 0 3 31 35 49 53 1 4 0 2 5 4 1 3
14 14 86 64 32 0 0 36 23 18 45 0 9 0 9 14 0 0 5
4 10 32 75 21 0 15 55 38 55 43 10 2 5 0 2 9 15 2
5 10 28 80 21 0 11 57 38 58 36 7 3 2 0 0 5 13 3
0 0 100 67 33 0 0 0 0 33 33 0 0 33 0 0 0 67 0
10 10 44 71 17 0 21 48 49 47 40 3 0 1 1 3 5 5 2
13 5 38 78 14 0 14 54 54 54 35 1 1 1 0 2 5 5 2
11 0 78 89 56 0 0 78 56 44 22 0 0 0 0 0 22 0 0
3 11 40 69 23 0 21 56 48 59 42 7 7 4 1 2 22 9 1
6 11 43 72 15 0 15 57 49 69 40 5 6 3 2 0 26 2 3
0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 0 100 0 0
5 15 43 67 21 0 18 41 33 56 44 8 5 1 0 6 11 2 2
1 9 53 78 21 0 8 51 43 56 38 6 3 0 0 5 9 3 3
0 0 64 55 36 0 9 55 27 64 36 18 0 0 0 9 9 0 9
2 6 51 63 16 0 15 45 52 54 54 16 13 4 0 2 24 12 1
2 4 63 73 15 0 11 51 58 58 59 11 10 3 0 0 28 12 0
0 0 67 100 67 0 0 0 67 33 33 33 33 0 0 0 33 0 0
Leading countries (%)Forecasted realization time
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1 99 4 19 77 71 47 44 9 0 38 7 95 5
2 77 0 16 84 73 49 44 7 0 43 3 96 0
X 0 0 0 0 0 0 0 0 0 0 0 0 0
1 110 6 17 76 55 21 60 18 1 53 5 78 9
2 90 4 14 81 56 18 70 12 0 58 2 84 2
X 4 100 0 0 56 25 50 25 0 75 0 100 0
1 83 6 20 73 67 41 45 14 0 54 8 61 33
2 63 5 13 83 65 35 53 11 0 59 8 57 24
X 3 100 0 0 75 67 0 33 0 67 0 33 67
1 68 7 21 72 65 38 46 16 0 50 1 71 34
2 60 5 15 80 62 30 58 12 0 50 0 72 20
X 3 100 0 0 75 67 0 33 0 67 0 33 33
1 146 13 33 54 52 21 47 32 0 86 0 15 12
2 122 11 31 58 51 13 64 22 0 93 0 10 7
X 13 100 0 0 58 23 62 15 0 92 0 15 8
1 101 9 27 64 60 32 41 26 0 79 25 28 8
2 89 6 27 67 60 30 48 22 0 82 15 35 3
X 5 100 0 0 75 60 20 20 0 60 0 80 20
1 66 6 26 68 67 40 46 14 0 56 17 71 17
2 51 2 20 78 61 29 59 12 0 61 8 67 10
X 1 100 0 0 25 0 0 100 0 0 0 100 100
1 90 3 14 82 67 40 47 12 0 34 7 91 11
2 73 0 12 88 62 29 59 12 0 30 1 89 7
X 0 0 0 0 0 0 0 0 0 0 0 0 0
1 70 4 11 84 54 19 62 17 1 26 6 84 7
2 53 2 8 91 52 13 71 13 2 25 2 94 6
X 1 100 0 0 50 0 100 0 0 0 0 100 0
1 111 2 15 83 67 39 50 10 1 39 9 86 6
2 88 0 14 86 64 29 66 5 0 38 3 92 1
X 0 0 0 0 0 0 0 0 0 0 0 0 0
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Practical use of remote-controlled micro-medical
devices for thrombus treatment.
Practical use of tactile sensors with levels of
sensitivity comparable to those of humans.
Practical use of biosensors capable of identifying
single molecules such as DNA.
Development of non-invasive, CT-type devices
capable of recognizing, in real time, excited
cerebro-neural states with a resolution on the
order of 1 mm.
Practical use of magnetic sensors capable of
measuring LSI wiring current without contact.
Widespread use of optical fiber multiplexed
sensing technology for measuring distortion and
weight distribution at many points to monitor the
condition of buildings, bridges and expressways.
Practical use of biosensors utilizing antibodies.
Practical use of diagnostics and treatment of
medical conditions using devices implanted
inside the human body.
Practical use of sensory-substitute sensors
capable of directly stimulating human nerves
without being applied through the skin.
Realization of surgical operations performed
through the remote control of micromachines
equipped with various sensors and manipulators.
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0 5 49 65 12 1 18 36 52 53 55 15 21 10 0 1 23 10 1
1 0 57 77 10 0 8 39 57 51 61 13 18 8 0 0 27 6 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 2 52 62 15 0 21 40 49 45 45 12 5 2 0 2 8 9 3
1 1 57 71 9 0 14 42 52 52 47 10 1 0 0 2 6 4 1
0 0 100 100 25 0 0 25 25 75 100 50 0 0 0 0 0 0 0
4 2 29 77 16 0 14 47 42 60 41 14 5 6 0 4 17 13 2
3 3 29 87 17 0 8 44 41 68 43 13 5 6 0 3 17 14 3
0 0 67 100 0 0 0 0 100 33 33 67 0 0 0 0 33 0 0
3 3 51 75 19 0 15 35 53 54 59 10 6 4 0 3 12 13 1
3 2 50 77 18 0 12 30 58 60 60 7 2 5 0 2 12 18 2
0 0 67 67 0 0 0 0 67 100 33 0 0 0 0 0 0 33 0
3 10 62 54 12 0 20 25 41 42 51 12 1 1 1 4 4 2 3
1 7 79 66 11 0 12 21 45 43 58 11 0 0 0 5 3 1 2
0 0 100 69 23 0 0 23 54 38 46 38 0 0 0 8 0 0 0
0 5 70 54 17 0 20 20 42 38 52 18 9 7 0 3 7 3 4
0 2 78 49 13 0 9 15 44 34 55 13 4 7 0 3 4 1 4
0 0 80 80 60 0 0 0 80 40 40 0 20 0 0 0 0 0 20
0 5 36 73 21 0 11 48 42 56 42 18 12 6 0 3 18 15 0
0 4 41 82 22 0 2 39 39 61 37 16 10 4 0 4 10 14 0
0 0 100 100 100 0 0 0 100 100 100 100 0 0 0 0 0 0 0
1 6 36 74 18 0 17 40 48 50 48 16 22 7 0 1 28 23 0
3 4 34 82 15 0 11 41 52 51 49 11 22 10 0 0 30 21 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 13 26 60 9 0 26 40 36 46 37 10 13 7 1 1 34 31 0
6 9 23 83 9 0 11 53 43 60 34 8 15 8 0 0 42 26 0
0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 0 100 0 0
0 5 47 74 14 0 15 40 51 51 48 14 20 8 0 1 22 12 1
0 1 44 78 11 0 9 39 58 53 55 13 22 5 0 1 26 9 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leading countries (%)Forecasted realization time
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1 173 13 34 53 68 44 42 11 4 78 6 31 32
2 139 8 36 56 68 43 47 8 2 83 4 29 28
X 11 100 0 0 80 73 9 9 9 82 9 55 55
1 142 13 25 61 75 54 39 6 1 87 4 43 13
2 118 8 30 63 79 60 36 3 1 89 1 42 8
X 9 100 0 0 94 89 11 0 0 78 0 78 22
1 133 11 35 54 73 51 38 11 0 89 5 41 12
2 113 11 33 57 77 57 38 5 0 89 2 40 4
X 12 100 0 0 75 50 50 0 0 83 8 50 8
1 143 12 34 54 58 32 39 27 3 74 1 30 20
2 116 9 34 57 56 24 52 21 3 84 0 26 16
X 10 100 0 0 65 40 40 20 0 90 0 40 20
1 169 9 27 64 73 50 41 9 0 80 1 64 9
2 144 7 24 69 77 54 44 2 0 87 1 62 2
X 10 100 0 0 95 90 10 0 0 80 0 80 0
1 134 7 22 70 57 27 50 22 1 54 1 75 13
2 117 8 20 73 56 22 59 18 1 58 0 79 5
X 9 100 0 0 86 78 11 11 0 67 0 67 11
1 154 5 29 66 61 32 47 21 0 68 3 62 8
2 135 5 25 70 62 30 58 12 0 73 1 70 2
X 7 100 0 0 64 29 71 0 0 86 0 86 0
1 160 8 27 66 61 32 48 19 1 63 3 71 7
2 140 7 24 69 61 27 63 10 0 66 3 74 2
X 10 100 0 0 80 60 40 0 0 70 0 80 0
1 147 9 19 72 53 23 47 26 4 56 1 68 7
2 122 8 14 78 52 17 60 22 2 56 0 78 3
X 10 100 0 0 75 50 50 0 0 70 0 70 0
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Expected effect (%)
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Development of a storage system in which one
atom or molecule corresponds to 1 bit.
Development of a magnetic recording hard disk
capable of recording one terabit density per
square inch.
Practical use of optical memory of one terabit or
more per square inch.
Practical use of memory of one terabit or more
per square inch using the principle of the
scanning probe microscope.
Practical use of miniature file devices that fit
inside a pair of glasses and make it possible, for
example, to watch a movie anywhere and at any
time.
Practical use of flat panel displays of at least A3
size with display quality equivalent to high-grade
printing (600dpi or more).
Development of three-dimensional movie
displays that can be viewed without special
glasses and whose image does not change when
the viewer makes normal movements, such as
changing posture.
Practical use of luminous super-large-scale flat
panel displays (covering an entire wall, for
instance) utilizing organic light emitting
materials.
Practical use of roll-up type flexible displays.
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17 8 45 70 14 0 14 49 46 55 47 9 1 0 1 3 4 2 3
16 6 45 82 13 1 8 55 49 65 45 6 1 0 0 3 3 1 2
18 9 82 82 27 0 0 64 64 82 45 18 9 0 0 9 9 0 0
4 6 71 69 5 0 8 31 42 49 65 10 1 0 1 3 3 2 3
2 5 74 78 2 0 4 30 43 47 68 4 0 0 0 3 2 2 3
0 0 100 78 0 0 0 56 78 67 56 33 0 0 0 0 0 0 0
8 6 74 64 12 1 8 32 43 56 59 8 0 0 1 2 6 2 2
6 4 81 65 6 0 5 30 43 62 60 3 0 0 0 3 4 2 3
0 8 92 83 0 0 0 42 33 58 58 17 0 0 0 8 17 0 0
15 8 59 72 19 1 8 37 46 47 52 8 1 0 1 1 4 1 2
18 5 65 81 10 0 5 34 44 52 54 3 0 0 0 2 3 1 2
10 0 100 100 50 0 0 60 60 80 80 10 0 0 0 0 0 0 0
1 4 89 34 5 2 5 26 32 38 64 12 1 0 1 3 2 2 2
1 3 94 28 3 2 3 17 31 38 73 8 0 0 1 3 1 1 2
0 0 100 50 0 10 0 10 70 40 80 20 0 0 0 0 0 0 0
10 5 66 59 8 0 16 35 44 40 54 16 4 0 1 2 7 4 2
12 6 71 59 4 0 13 32 43 45 60 10 3 0 1 3 6 5 2
11 11 89 33 11 0 0 56 67 56 56 0 11 0 0 0 11 11 0
3 8 71 49 12 0 12 23 38 40 61 14 0 1 1 5 4 4 1
1 6 82 44 10 0 7 18 34 46 66 8 0 0 1 4 2 1 2
0 0 100 71 43 0 0 14 57 57 71 0 0 0 0 0 0 0 0
4 4 67 46 9 0 15 27 33 44 63 13 1 1 1 4 3 1 1
1 4 81 46 4 0 8 22 34 49 66 8 1 0 1 4 2 1 2
0 10 90 60 10 0 0 20 50 40 60 0 0 0 0 10 0 0 0
7 5 58 55 5 0 19 22 25 37 52 21 5 1 1 2 10 8 1
6 6 75 62 2 0 11 19 33 47 57 16 2 1 1 2 9 9 2
10 0 100 70 10 0 0 20 50 80 60 0 0 0 0 0 0 0 0
Leading countries (%)Forecasted realization time
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4. Survey results in “Life science”
4.1. Trends in noteworthy domains
4.1.1. Progress in cancer research
The 20th century may be remembered for the remarkable progress in cancer research, which occurred
as a result of the discovery of cancer viruses in the first half of the century and other breakthroughs. In the
second half, cancer research entered an era of the elucidation of the cancer mechanism at the gene level,
against a background of rapid progress in molecular biological techniques and advances in genome
research based on them. In Japan, the adoption in 1983 of “The Comprehensive 10-Year Strategy for
Cancer Control” and other government initiatives led to extensive research efforts aimed at “elucidating
the essence of cancer” - which subsequently demonstrated that cancer was a progressive cell mutation
involving multiple factors, such as oncogenes and antioncogenes. A current target of gene therapy is the
P53 molecule because of its suspected role in apoptosis. Discoveries such as breast cancer genes (BRCA1
and BRCA2), found in families with a history of breast cancer, and the enzyme telomerase, which affects
the ability of cells to divide, have given rise to hopes for a breakthrough in cancer diagnosis and
prevention. As soon as it goes into the 21st century, the greater part of genome information collected from
the data of the research for the functional genes and an analysis of draft map of the human genome has
been analyzed, and then the available genome databases have been established. Despite our much
improved understanding of the overall picture of cancer in terms of carcinogenesis theory, the availability
of cancer therapies and need to apply them according to the characteristics of individual cancers, and the
like, treatment results for lung cancer, pancreas cancer, scirrhous-type cancers, etc. are still rather poor,
and this reminds us of the need to keep our focus on intractable cancers and progressive cancers.
Since 1981, cancer has been a leading cause of death in Japan, and people dread it because they tend
to see it as a death sentence. For this reason, “overcoming cancer” is one of the most important tasks
facing mankind. Although the latest technology forecast survey featured relatively few cancer-related
topics, six out of 88, they scored high in terms of the degree of importance index, with four included in the
top 20 topics. Topics 38, 37 and 23 received particularly high degree of importance index scores,
catapulting them into the top five. This result seems to suggest that interest in cancer is high not only
among researchers and clinicians who are cancer specialists but also researchers with other research
backgrounds, such as cell biology and molecular biology.
Regarding cancer treatment, surgery, radiotherapy and chemotherapy have been developed through
R&D efforts geared towards early detection and treatment, and are being applied on a case-by-case basis,
with the five-year survival rate steadily rising. However,  chemotherapy is often plagued by the unreliable
cancer suppression effects of chemo agents and severe side-effects due to ineffective prevention measures,
thus highlighting the existence of a large gap between the research and clinical levels. The high degree of
importance index score of topic 38 in the latest survey is believed to reflect the keen awareness of the
difficulties associated with the treatment of metastatic cancers, as well as intractable cancers. Moreover,
despite overall improvements in treatment results, there are still cases that are extremely difficult to treat,
including brain tumors, which are often inoperable depending on their locations.
Of late, vigorous efforts have been made to develop cancer diagnostic techniques targeted at genes
that are strongly implicated with families with a history of cancer and gene therapy techniques designed to
seek and destroy cancer cells by taking advantage of the cell death mechanism. Hopes are pinned on
concentrated research efforts launched recently to tackle cancer susceptibility and the individual variability
of cancer through genetic polymorphism based on the ongoing genome research and future SNP research,
following the establishment of a speedy research implementation structure. The net effect of cancer-
causing and cancer-inhibiting factors is an important parameter in the study of the cancer development
mechanism. The risk of developing cancer due to exposure to carcinogenic substances is relatively low
unless a massive dose is involved. Nevertheless, sensitivity to such substances often varies from individual
to individual, and this is also believed to be attributable to genetic polymorphism. As cancer is essentially
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a transformation of cells that occurs in a living body, an accurate understanding of it will not be possible
without adequate research into its interaction with the host. Research into the role of sensitivity in cancer
based on genetic manipulated experimental animals created using gene recombination technology, which
has recently become available as a result of progress in genetic engineering and developmental
engineering, is expected to make an essential contribution to the “elucidation of the essence of cancer”.
Among noteworthy overseas developments in this area is a “Cancer Modifier Gene” investigation project
being undertaken in the United States using experimental animals under the leadership of the National
Cancer Institute. The project is significant in that it represents an attempt to not only ascertain the cancer
development, invasion and metastatic processes at the molecular level but also elucidate them at the more
complex individual organism level. It is hoped that greater emphasis will be placed on research in this area
in Japan as well.
In the near future, the incidence of cancer in Japan will be predicted to rise with an aging of the
population, therefore, an epidemiological investigation into the increase of carcinogenic factors and their
cancinogenic risk caused by the impact of changes in the global environment and a rapid transformation of
the living environment will also be an important part of future research geared towards the “elucidation of
the essence of cancer” and “overcoming of cancer”.
Cancer treatment is predicted to progress toward gene therapy along the following paths in the future:
1) removal of cancer cells from the living body; and 2) normalization of cancer cells in the living body.
For that purpose, it will be necessary to detect microscopic changes that are undetectable based on
conventional methods, to diagnose them and to treat each case of cancer using the most effective method
with the least side-effects. Namely, what is expected is the perfection of gene therapy that makes the best
use of the biology of cancer. Regrettably, however, gene therapy has so far failed to demonstrate clear
effectiveness, despite the fact that it has been applied to more than 2000 cases worldwide. In short, cancer
can be defined as “a group of cells that have broken away from a community of normally functioning cells
that make up a living body as a result of genetic mutation”, “a group of cells in a living body that have
evaded all the defense mechanisms of the body, such as an immune system and a cell regeneration
system” and “a group of rogue cells that ironically belong to the cancer patient”. We look forward to the
day when the biology of cancer cells will have been thoroughly studied in terms of, for example,
molecular mechanisms of the carcinogenesis of cells and growth of cancer cells using genome information,
and new therapies based on that information have been established.
(Moriaki Kusakabe)
4.1.2. Outlook of brain research
With the 21st century sometimes dubbed the “century of the brain”, expectations for brain
research are extremely high. Firstly, it is predicted that providing natural scientific explanations
for human mental functions, until now mainly a subject of the humanities, will become feasible,
leading to the establishment of a new view of humanity on that basis. Secondly, great hopes are
pinned on research into the causes of intractable neurological disorders and psychiatric diseases,
including senile dementia, which is increasingly becoming a serious social problem against a
background of an aging of the population, and the development of treatments for these conditions.
Thirdly, hopes are also high for the application of the knowledge obtained from the elucidation of
brain functions in engineering fields such as artificial intelligence and advanced computers.
The human brain consists of tens of billions of neurons which form an extremely complex
and elaborate network with communication through synapses, and mental functions depend on
the correct functioning of this network. How such a network is formed is a fundamental issue of
brain science. In recent years, efforts to elucidate the neural network formation mechanism have
been making fairly rapid progress. One of the contributing factors is the success of the approach
that combines a technique based on simplified  systems, such as cultures, or a research strategy
using animals having simple nervous systems as models with a molecular biological technique. A
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large number of chemically attractive or repulsive molecules used by neuronal processes to
recognize a target region or navigate en route to it have been found, with their intracellular
signaling mechanism being elucidated.  We may reach a basic understanding of this matter in the
not too distant future. It is hoped that based on such knowledge, a technology that enables the
restoration of nerve functions in a damaged cranial nerve system, which is impossible at present,
will be developed and put to practical use.  It has been thought that there is no hope to regenerate
the severed axons of the central nervous system of an adult mammal. However, recent research
suggests that the axon itself has an potential for regeneration, although factors that inhibit this are
present in an adult central nervous system, with some of the most important ones recently
identified (Nogo).
Until recently, it was believed that the regeneration of neurons could not occur in the brain
of an adult mammal, but the existence of stem cells with self-multiplication ability and
multipotency has now been shown. Although their multipotency is limited compared to ES cells,
it seems certain that they engage in the regeneration of neurons and glial cells. If this mechanism
is understood, it may be possible to restore neurons and myelin sheaths lost due to disease or
aging in an adult by controlling it.
Until about a dozen years ago, the causes of neurodegenerative diseases, such as Alzheimer's
disease and Parkinson’s disease, were a complete mystery, but research into their pathogenesis
has made considerable progress in recent years, and it is now suggested that they share a common
pathological profile. While most of these diseases are sporadic, some are familial, and the
breakthrough came with the isolation of causative genes using molecular genetics techniques.
Although it is has not been confirmed conclusively for all diseases, it appears that they are
attributed to the death of neurons, which occur as abnormal proteins are produced during the
protein degradation processes, form toxic aggregates, and get deposited on cells or tissues. The
prevention of the production of such abnormal proteins or removal of aggregates could lead to
treatment.  Attempts along these lines have already reached the clinical test stage with
Alzheimer's disease.
Rapid advances are also being made in molecular-level research into the mechanisms
whereby neurons encode information in electric signals and transmit it to neurons (ion channels,
neurotransmitter receptors and their modification) as a result of the introduction of molecular
biological methods and advances in physiological methods. Against this backdrop, the
mechanisms of learning and memory, two of the higher functions of the brain, are being actively
researched at the synapse level. Typical examples are “long-term potentiation” and “long-term
depression” of synaptic transmission extensively studied in the hippocampus, which is regarded
as an essential structure in certain memory functions, and efforts to elucidate their molecular
mechanisms are making steady progress. In this regard, an understanding of the overall picture of
these mechanisms and the development of drugs that will improve memory and learning
functions may occur in the relatively near future. Nevertheless, our knowledge about how
synaptic plasticity is actually linked to memory is still surprisingly limited, and this in a sense
epitomizes the slow progress being made in the research into the functions of the brain as an
integrated organ, despite the phenomenal progress occurring in elemental brain research.
However, one technology has the potential to bridge this gap - that is the technology to produce
mice that lack specific genes (knockout mice) using homologous recombination. This technology
makes it possible to examine the abnormalities exhibited by a mouse lacking a certain gene
(protein coded by it) from the molecular and cellular level through to the behavioral level.
Although the interpretation of results obtained through the use of such mice accompanied by
some difficulties, as the function of a gene (protein) missing in an organism right from the
beginning of its development tends to be compensated by that of other genes (proteins). However,
techniques to switch the expression of certain genes on and off at will at specific locations of the
brain - and at chosen times after the birth of an organism (conditional knockout) - are being
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developed.  If they can be successfully applied, they will provide a powerful tool to eliminate the
above disparity.
At present, research into the cerebral neocortex, the seat of higher brain functions, is most
advanced in the visual system. It has been revealed that subjectively perceived “integrated” visual
experiences are in fact based on parallel information processing involving the cerebral cortex. For
example, when we see a red apple fall from a tree, we experience this as a single cognitive event,
but the brain actually breaks it down into elements — object (apple), color (red) and movement
(fall) — and processes them separately in different areas. However, how this parallel and
distributed processing ends up to produce a unified and integrated cognitive experience remains
one of the greatest mysteries of the brain. Research into the brain functions that form the basis of
language and abstract thinking, two skills that are considered unique to humans, faces a
methodological hurdle because of its very nature, thus making it difficult to devise a concrete
research strategy. To date, mainstream brain function research has focused on recording the
activity of individual neurons using microelectrodes. However, microelectrodes can only play a
limited role in understanding mental functions which are the result of the activities of countless
neurons. In this regard, the development of a method suitable for simultaneous recordings of the
activity of a large number of neurons over an extended period and effectively analyzing the data
is keenly awaited.
Until recently, functional maps of the human brain were drawn up based on psychological
methods targeted at brain-damaged patients, but the introduction, improvement and spread of new
non-invasive methods, such as positron emission tomography (PET) and functional MRI (fMRI),
in the last decade has resulted in a major surge in the development of functional maps of the
human brain. Typically, these methods are combined with a technique that involves asking
healthy volunteer to perform specific cognitive tasks and locating the regions of the brain that
show changes as a result of these tasks based on blood flow or glucose metabolism. The
resolution of the maps has reached a level where differentiation between functional columns in
the cerebral cortex has become an issue.  Since numerous experiments conducted at various
institutions to date covering all aspects of cognitive functions, large amounts of interesting data
have already been accumulated in this area. In the future, the development of an integrated
functional map through the reorganization and integration of data undertaken in a manner that
takes into consideration the differences among researchers and institutions will become an
important task, along with further refinement in cognitive tasks. A need for meta-analysis of
numerous individual research projects has been put forward in this regard. The focus of attention
will shift to interactions among areas and the elucidation of the mechanisms of observed
behaviors. Notably, these functional imaging methods have certain limitations, as they are
designed to observe changes in blood flow or glucose metabolism as a consequence of neuronal
activity, rather than directly looking at neuronal activity itself. As a result, it is necessary to
combine them with other methods aimed at directly observing the electric activity of neurons.  On
the other hand, with PET we are able to show how and where in the brain changes in dynamics of
functional molecules including neurotransmitters and their intracellular messengers occur in
relation to brain activity by labeling functional molecules and their analogues.  This will be
another promising direction of functional imaging.
It is crucial that research into brain functions proceed in tandem with theoretical research
using mathematical models, rather than just relying on “hardware”-type research, covering
neurons, communication between neurons, and the like, and intuitive understanding and
hypotheses based on it. This would require interdisciplinary approach that involves engineers
among others, and such approach would no doubt make a major contribution to the application of
the knowledge of brain functions to engineering.
(Masaki Sakurai)
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4.1.3. Genetically modified plants and society
(1) Trends in this area
Through the application of recombinant DNA (rDNA) technology in the breeding of agricultural
products, efforts to develop and commercialize genetically modified (GM) agricultural products with
herbicide tolerant, insect resistance and other unique characteristics not possible with conventional breedin
technology have begun on a worldwide scale. However, due to the extreme public sensitivity about food
safety that has arisen against a background of a number of worrisome health problems, such as bovine
spongiform encephalopathy and endocrine disrupting substance pollution, centering on Europe, as well as
a lack of information, consumers are feeling very uneasy about the practical application of rDNA
technology. Nevertheless, this technology is regarded as essential in coping with the global environmental,
population and food problems, which are expected to reach a critical point some time in the first half of
the 21st century, and for this reason, efforts to array such consumer unease and bring about social
consensus on the use of the technology are vital. To win greater consumer understanding of rDNA
technology, the establishment of agriculture with a low environmental loading and development of new
GM crop plants/microorganisms geared towards environmental restoration and functional food production,
as well as other GM products with a clear advantage to consumers is necessary. Against this background,
high expectations were attached to the effects of topic 86, a newly introduced topic in the latest survey,
highlighting the need for the spread of the kind of agricultural products mentioned in the topic for the
public acceptance of rDNA technology.
Japan's agricultural biotechnology has fallen behind the United States due to slow entry into the
development race, a paucity of major agriculture-related private enterprises and other factors. However,
with a large market expected to form in this area in the future, Japan must step up its R&D efforts in view
of the fierceness of worldwide competition over patent acquisition, and the like.
(2) Topics in this area
Research geared towards elucidating plant functions and putting them to practical use has been
proceeding at a rapid pace. The decoding of the entire genome of the Arabidopsis thaliana has been
completed through international collaboration, and genome projects targeting important agricultural crops,
such as rice and maize, are also under way. Notably, with various genetic maps being drawn up through
the utilization of numerous mutants obtained over the years, many genes that control the agriculturally
important properties of plants have begun to be isolated. With regard to rice, a private enterprise has
announced the completion of the analysis of the entire genome, while an international consortium,
including Japan, plans a public release of highly accurate genome information by the end of 2001 fiscal
year. These developments have attracted wide attention in the context of the clash between the
monopolization of genome information by private enterprises and the preservation of public ownership.
Moreover, the utilization of analyzed genome information in applied research through the deduction of
genetic functions from it and the development of an integrated database through a linkup with databases in
other research areas is being investigated. There are also expectations that future progress in the analysis
of gene functions will thrust forward the development of crops with various new functions. Field trials
have begun on rice containing large amounts of carotenoid, dubbed “golden rice”, which is being
developed to counter vitamin A deficiency in developing countries, and hopes are high for its early
practical application as a functionality-oriented next-generation GM crop plant.
Arguably, the most important measure in putting an end to food shortages and environmental
destruction, which are feared to reach a crisis point some time in the first half of the 21st century, and thus
ensuring the survival of the human species, is believed to be the practical application of a material
production system based on the life sciences. In concrete terms, this will involve the achievement of a
dramatic increase in food production, development of environmentally-friendly industrial technologies,
development of new bioindustries, and the like through the elucidation of various plant functions, and
efforts towards this end are already under way. It is believed that such goals will only be attained by
adopting sustainable agriculture, which takes advantage of ecosystems’ self-preservation mechanism,
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through the pursuit of breed improvement of plants and advanced use of their functions via the realization
of topics 82, 83 and 73, which received high expected effect scores, development of plants with
environment repairing and preserving functions based on biological functions as described in topics 74, 75
and 76, and development of plants capable of mass producing oral vaccines for developing countries and
serum albumin with special considerations for human safety. However, topics 73, 74 and 82 feature in the
top five topics for which respondents chose the boosting of research funding as the “effective measure the
government should adopt in Japan”, indicating that progress has been slow in this area.
Of all these topics, 82 and 31 scored high in terms of the degree of importance index as was the case
in the previous survey, while 76, which was newly introduced, and 83, which was carried over from the
previous survey, were among the topics which received an expected effect index score as high as those
relating to medical care and cancer. This suggests that in this area, stepped-up R&D efforts geared towards
solving global environmental problems are called for, as well as those geared towards solving the global
food problem. With the forecasted realization times for topics considered highly effective in solving these
global problems ranging from 2014 to 2019, the elucidation of plant functions and their utilization are
moving closer to reality. Looking to realizing these topics ahead of their respective forecasted realization
times, related research efforts should be redoubled by treating them as infrastructural technologies
essential for the survival of the human species.
On the other hand, topics 22 and 86 were among those for which a significant portion of respondents
chose “adverse effect on the natural environment” as their “potential problem”, indicating that there is a
need to take a cautious approach to the utilization of the related technologies.
 (3) Future outlook
Although rDNA technology has recently found its way into food production amid rapid advances in
its development, consumer resistance has turned out to be much stronger than expected. This shows that
there is a strong need to formulate and implement “software”-type policy initiatives effective to bridge the
perception gap between scientists and consumers to back up continued progress in the “hardware” area,
encompassing rDNA technology-based food production and material production. This will involve the
collaboration of industry, government and academia, while being mindful of the importance of
communication with the general public based on various avenues ranging from schools to social education.
Against this background, scientists need to direct their efforts towards developing plants, animals and
microorganisms with new epoch-making functions conducive to the resolution of future global food and
environmental problems through the development and application of new technologies that are sensitive to
society's needs and concerns, as well as being effective. There will also be a need to establish a research
strategy and implementation structure geared towards the systematic organization of the results of genome
analysis and research, which is expected to keep advancing rapidly in the future, into accessible
information, and utilization of useful genes.
(Akihiro Hino)
4.1.4. Application of early embryonic development and differentiation
Among the technologies considered fundamental to the analysis of the molecular mechanisms of
early embryonic development, differentiation and morphogenesis are gene cloning based on genetic
recombination and polymerase chain reaction (PCR), base sequence determination, and the functional
analysis of proteins based on homology.  Considered extensions of the above fundamental technologies,
there are some additional technologies that are more widely used today.  These include the pinpointing of
the location of gene expression based on in-situ hybridization, the use of a protein fused with the green
fluorescent protein (GFP), and the like, gene knockout, the preparation of transgenic organisms, and
analysis of the effects of the manipulation of organisms during their early embryonic development, which
is sometimes called “developmental engineering”.  Through the use of these technologies, the genes that
control early embryonic development, differentiation and development of tissues and body organs are
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being identified, with the link between these genes and hereditary diseases analyzed.
The topic “practical use of technology for producing cloned individuals from the somatic cells of
livestock”, forecasted to be realized in 2015 in the previous survey, became a reality shortly after the
recovery of questionnaire forms, thus vividly reminding us of the ability of scientific research to progress
at an unexpected pace.  By the time the latest survey was conducted, the creation of a clone from a somatic
cell had already been realized in several species of animals, and the cloning of primates, including humans,
is now considered as only a matter of time as a result of advances in embryonic stem cell isolation and
cultivation techniques. In addition, the in-vitro cultivation of a specific tissue or organ using an embryonic
stem cell or somatic stem cell is achieving some success.
Bearing in mind these trends, the results of the latest survey are now briefly analyzed.  The forecasted
realization time for topic 16, which was 2023 in the previous survey, was brought forward to 2017, while
topic 17 was forecasted to be realized in 2019, which is earlier than 2021, the forecasted realization time
for the similar topic in the previous survey “clinical application of technology enabling organs to
regenerate through the multiplication of their own cells”.  Topic 25, which was newly introduced, was
forecasted to be realized in 2014, and this is believed to reflect the rapid rate at which progress is being
made in this area.  Namely, it appears to indicate that the differentiation of cells and production of tissues
for limited purposes could be realized relatively early.  On the other hand, the forecasted realization times
for topics 55 and 24 were pushed back from 2022 to 2026 and from 2015 to 2018, respectively, and this
seems to be attributable to the gradual realization among scientists that the general understanding of a
phenomenon and the resolution of specific problems related to it do not always coincide.
Topics 39, 40, 41, 45 and 46 are related, but their forecasted realization times were not uniform.
Namely, topics 39 and 40 were forecasted to be realized relatively early, in 2019 and 2017, respectively,
while topics 41, 45 and 46 were forecasted to be realized late, in 2025, 2020 and 2025, respectively.
Interestingly, quite a few respondents thought topics 41 and 46 unrealizable, and this appears to point to
the presence of an underlying notion that harmony between living tissues and organs that constitute an
individual organism and artificial objects (including cells and cultured tissues) should not be judged on the
basis of biocompatibility alone, although this way of thinking may be unique to Japan.
Persistent opposition to organ transplantation from brain-dead individuals exists, and many people do
not even accept the concept of brain death.  There appears to be a similar reaction to human cloning.
Namely, while human cloning is banned by law in Japan and Europe, it is predicted that it will sooner or
later be turned into a reality by a venture business based in the United States or some other country.  While
respondents nominated “expansion of human intellectual resources” as the expected effect of the
accumulation of basic knowledge about early embryonic development and differentiation, the expected
effect of the practical application of that knowledge for various purposes, ranging from gene therapy and
the cultivation of transplant organs to cloning, was “response to people’s needs”, indicating greater public
interest. Namely, public acceptance is one hurdle that must be cleared before these topics can be realized,
so that their realization times will greatly depend on how this issue is handled.
(Kazuo Nagai)
4.1.5. Immune system
(1) Recent trends in immunology research
The major trends of modern immunology research have been concisely described in the “noteworthy
domain” subsection of the “Survey Results in Life Science” section of the 6th survey. In recent years, a
main focus of research in the life science field has been to understand biological activity at the molecular
level, with molecular biology and molecular genetics being at the heart of these efforts. In immunology
research, such efforts have made it possible to classify the diversity of immunocytes based on surface
molecule markers, as well as physiological function This technique has been used to indicate the
differentiation and activation of immunocytes, thus contributing to the description of the immune response
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as a clear cascade response. It is also now possible to elucidate the immune network formed by
immunocytes in terms of the mutual recognition and interaction of lymphokines, cytokines and cell
surface molecules. Characterized as an extension of these technologies, the elucidation of the “self-nonself
recognition mechanism”, arguably the most important task in immunology research into the future, looms
large on the horizon.
Main research achievements since the previous survey and future research trends will be summarized
below based on the results of the latest survey.
(2) Current topics in immunology research
i) Functional analysis of NKT cells
Until recently, lymphocytes, the building blocks of the immune system, were classified into T cells, B
cells and NK cells, but recent research has shown that there is a fourth type, NKT cells, which play a key
role in the immune network. One distinct feature of NKT cells is the specificity of the antigen receptor
gene. In the case of mice, this receptor is known as Vα 14, which lacks a region of random amino acid
sequences for diversity, unlike the T cell receptor.  The same type of receptor has been identified as Vα 24
in humans. The features of NKT cells are lsted below:
- Although NKT cells are functionally immature compared to T cells, they secrete both Th1 and Th2
cell-specific cytokines.
- Like T cells, NKT cells secrete perforin, etc., and have killer activity.
- NKT cells exist in abundance in extra-thymus regions, such as the bone marrow and liver.
- In the case of mice, most NKT cells only feature the Vα 14 receptors whose gene sequences are
homogeneous.
- The cell membrane receptor that Vα 24/Vα 14 recognizes is CD1d, and NKT cells are activated by
α-GalCer (galactosylceramide), a glycolipid antigen presented on CD1d.
On the basis of such characteristics, NKT cells are now believed to play an important role in natural
immunity, particularly from the viewpoint of defense against pathogenic infection, which is
complementary to acquired immunity generated with T and B cell network.
ii) Antigen presentation function of dendritic cells (DCs)
Until recently, macrophages, which exhibit opsonic activity, were considered the most typical of
antigen-presenting cells, which activate T cells against antigens. However, a recent study has brought DCs,
which are capable of capturing a wide range of foreign substances, into the spotlight, despite their
relatively weak opsonic activity. Namely, it is gradually becoming clear that once mature DCs capture
foreign substances, their peptide antigen presenting capability augments, although their opsonic activity
plummets. Generally speaking, DCs are classified into bone marrow-derived DCs and lymphocyte-derived
DCs according to the characteristics of the expression of the cell surface marker. In the case of humans,
CD11c-positive cells are bone marrow-derived, while CD11c-negative cells are lymphocyte-derived. The
α-GalCer bound to CD1d enhances the antitumor effects of Vα 24/Vβ11 NKT cells, and the activity of
these cells shows a broad antitumor spectrum.
Although the traditional explanation of antigen-presenting cells centered on the B cells and
macrophages, recent DC research shows that DCs have a strong antigen presenting capability and that
there is a mechanism whereby DCs and their precursor cells are readily mobilized, particularly in organs
that come in contact with foreign substances, e.g. the lungs, bowel and liver.
iii) Common use of knockout mice for functional analysis
With advances in molecular immunology, molecules involved in the immune network based on
soluble cytokines/chemokines, such as interleukins, and those involved in the differentiation of and
interaction/signal transduction between immunocytes, have been identified one after another. The use of
knockout mice has become a common technique to analyze the functions of these molecules.
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A gene knockout database site (http://www.bioscience.org/knockout/knochome.htm) lists more than
250 types of knockout mice, many of which are designed for immunology research. This molecular
immunological/developmental engineering technique has enormously enhanced the research into
correlations between the biological aspects of immunology and the molecular mechanism of the immune
system, while making it possible to explain immune diseases and disorders at the molecular level.
iv) Molecular biology of mucosal immunity
Mucosae are tissues that line the internal walls of the oral cavity, digestive organs, respiratory organs,
and the like. Mucosal tissues are exposed to foreign substances, such as bacteria, viruses and food antigens.
Although it has been known for some time that some kind of biological defense system is present in such
tissues, research has been slow because of the difficulties associated with the collection of clean tissue
samples. However, advances in molecular immunological/developmental engineering have gradually shed
light on this biological defense system, known as the “common mucosal immune system (CMIS)”. As a
result, our understanding of the involvement of B cells in mucosal immunity, the mechanism for the
stimulation of IgA production, and the like has been increasing. Moreover, it has been reported that mucin
and other proteins secreted by mucosal goblet cells include glycoproteins that combine with the Fc portion
of IgG, while it has been suggested the existence of a mechanism that remove antigen-IgG complexes
from intestinal and other mucosal tissues.
v) Analysis of genetic factors in allergic diseases and their relationship with environmental factors
Allergic diseases, such as hay fever, have been researched in detail for some time in terms of
allergenic molecules and pathology. So far, the efforts have resulted in the elucidation of the anomaly in
various cytokines and their receptors and the existence of chemical mediators that act as aggravating
factors, with drugs development for targeting them.  While environmental factors such as food, pollens,
mites and dust play a key role in allergic diseases, sensitization and onset, as well as responsiveness to
drugs, are said to be dependent on constitutional factors. Nevertheless, it has been difficult to understand
the individual variations in the preventive mechanism and drug metabolism.  However, human genome
analysis has presented the possibility of finding a direct solution to these problems by opening up the way
for the description of individual genetic background, thus making it worthwhile to direct substantial
research efforts to this area. With regard to asthma, a typical allergic disease, for example, it has been
shown that the effectiveness of a particular drug aimed at inhibiting the synthesis of leukotriene, a
chemical mediator, for an individual patient, could be determined prior to administration through gene
analysis. Namely, the effectiveness of a drug could be predicted by analyzing the promoter region of the
number of the repetitive sequence units that determines the expression amount of 5-lipoxygenase, a
leukotriene synthesis enzyme.  This will pave the way for prevention based on the genetic information of
individuals (e.g. the information of single nucleotide polymorphism (SNP)).
(3) Future outlook
With more than 90% of the base sequence of the human genome analyzed by February 2001, active
research into molecular biology and genome science will spur further progress in immunology in the
future. For example, disease-related sequence segments, and eventually disease-related and/or disease-
causing genes, will be identified through genetic polymorphisms, such as microsatellites. There are
expectations for the development of bioinformatics towards the analysis of the interaction between
proteins, and the development of related databases and of the software for genome-wide data analysis.
Progress in such basic research will lead to the establishment of a pathogenetic approach in the clinical
area, thus contributing greatly to the human sciences.
These developments are expected to increase the breadth of treatments for immune diseases and
disorders. Examples include antigen-based immunological therapy for cancer, the widespread use of
antibody drugs, gene therapy and the control of transplantation immunity. In the area of immunological
therapy for cancer, efforts are being made to develop a method to activate tumor-specific immunity by
identifying the corresponding antigenic peptide presented by tumor-specific /CTL cells. An α-GalCer/DC-
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based therapy designed to enhance immunocompetence with relatively broad specificity is about to be put
to a clinical test. In the area of antibody engineering, production methods for human monoclonal
antibodies have been developed, and their long-term use for humans has now become safe. Hopes have
been raised for their practical application in the near future. In gene therapy, the development of safer
vectors and research into gene insertion methods continue to progress, though at a slow rate, and by the
time when the next survey is undertaken, practical protocols will have been spelled out. In transplantation
immunity, the need for improved immunity control will arise in the regenerative medicine, as well as the
organ transplantation field.
With progress in the elucidation of the essence of living organisms, further advances will be made in
immunology research, thus taking human beings closer and closer towards the liberation from the threat of
diseases and disorders.
(Minoru Morikawa)
4.1.6. Sensors and computers
The 1990s was a decade of incredible progress in life science-based sensing technology, particularly
biosensors. The industrial area in which biosensors are most extensively used is the manufacturing of
diabetes self-test kits. Although the invention of their rudimentary principle dates back to the 1960s, the
subsequent bio-boom and advancement of the semiconductor industry led to the development of a simple
blood-sugar self-testing system, and the establishment of the necessary legal framework has helped the
manufacturing of diabetes self-test kits become a major industry worldwide, centering on the United States.
The concept of blood-sugar self testing as part of health management has taken hold in Japan as well, and
the market is expanding. The popularization of instrument technology based on life engineering, of which
blood-sugar self testing is a typical example, epitomizes the state of life science-based sensing technology
in the new century. The diabetes self-test kit market has grown into maturity where competition centers on
the development of user-oriented products. Regarding the measurement of biochemical quantities based on
blood tests, e.g. blood sugar measurement, most technical problems associated with the future production
of new sensing devices have been solved. Namely, these boil down to the development of miniature high-
sensitivity semiconductor devices capable of simultaneous multichannel measurement. Nevertheless,
respondents rated the development of protein molecule design technology geared towards the development
of sensor molecule recognition devices, living body mimicking technology, and the like as inadequate in
the latest survey, with their realization forecasted to be still some years away. In this regard, respondents’
views on topic 01 (importance index 93, 2009) and topic 09 (importance index 87, 2012) are worthy of
note. Namely, they both showed great interest in the prediction of protein structures and recognized its
importance, although they forecasted a relatively late realization period. This seems to be attributable to a
keen awareness of the difficulty of protein design on the part of researchers, who had experienced this
themselves through their work. The non-invasive sampling method has already been achieved and utilized
with the combination of biosensor system. The method is free from the pain during the sampling, although,
the method itself includes spiking procedure which is a painless process.  While the acceptability of
diagnosis based on a clinical examination without involving biological samples is subject to a future
detailed investigation, the development of a totally non-invasive system as a technological extension of the
measurement of the living body based on physical principles is under way - although progress seems to be
fairly slow at present.
There is another major trend in life science-based sensing technology - that is the advent of DNA
sensors resulting from the elucidation of genome information. The development of techniques for
assembling DNA probes on a semiconductor or glass substrate at high density and those for detecting
signals optically and analyzing them using image processing technology has given rise to a completely
new analysis area through a linkup with genome information relating to various living organisms,
including humans. The development of electrochemical detection techniques is not far behind, with some
R&D DNA sensors already on the market. In the future, development efforts will focus on simple DNA
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sensors for the detection and analysis of specific gene sequences, centering on the diagnostic field, as
progress is made in the elucidation of SNPs.
Progress in genome analysis and various post-genomic research efforts are bringing revolutionary
changes to our lives, including a rethink of our ethical values as well as technological innovations such as
the development of DNA sensors. The unlocking of genome information is changing our notion of health
management by enhancing our understanding of the diversity and usefulness of bioinformation and
clarifying the causative relationships that various diseases and disorders have with genes and lifestyles.
The future increase in our understanding of genome information is expected to create whole new areas of
clinical diagnosis, thus bringing substantial changes to diagnostic medicine. Society’s attitude towards
gene diagnostic results will depend on the future direction of public opinion. The fact that topic 11 was the
topic for which the largest proportion of respondents nominated “adverse effect on morals, culture or
society” as the “potential problem in Japan” seems to underscore the difficulty in gaining social
acceptance for gene diagnosis, as well as the high level of public interest in it. Nevertheless, it is expected
that sooner or later genetic information will have a major impact on the health industry. This is consistent
with the fact that topic 65 scored highest in terms of the degree of importance index, and there is no doubt
that the elucidation of the human genome is drastically changing our concepts of health. The
popularization of gene diagnosis at hospitals and the designing of life plans according to genetic
information obtained from such diagnosis is also approaching reality. This trend is expected to increase
the importance of self health management and lead to the adoption of home diagnosis based on blood and
other bodily fluids as a means of prevention and preparedness. By that stage, a technological infrastructure
which supports self health management based on biosensors capable of multichannel simultaneous
measurement covering all diagnostic items currently only available through a multiphasic health
examination will have to be in place. As the concept of the quality of life spreads through the society
against a background of an aging of the population, the importance of the role of biosensors in self health
diagnosis is expected to increase in the future.
The development of technologies necessary to bring a biocomputer closer to reality has not made any
noticeable progress. However, projects designed to tackle the development of nanotechnology as a realistic
goal have already been launched across the world, and there is an expectation that new biodevices will be
created from technologies shaped by the development of nanotechnology and nanomachines. The
challenge of assembling a computer using biodevices boils down to putting together circuits at the
molecular level three-dimensionally, so that R&D efforts must focus on building molecular-level circuits.
However, apart from biodevices, research has been active in the area of devising new algorithms from
basic life science phenomena. Against this backdrop, the concept of a DNA computer based on DNA
molecules is attracting attention. A DNA computer is a molecular computer in which molecules work as a
computer. Namely, a computational problem is solved by coding it in four letters, A, T, G and C, via the
base sequences of DNA molecules and observing the behavior of these molecules in terms of association.
At this stage, the establishment of a methodology dominates research efforts, but the technology holds
great promise for application to various computational problems in the future. The potential of molecule
computation will further expand through the application of the vast number of DNA associations derived
from genome information. Apart from DNA molecules, other biological molecules capable of storing
various molecular information may also be used to derive molecular computer principles. Further
understanding of the formation of protein molecule structures in the future could lead to a peptide
computer or protein computer that would support more complex algorithms.
(Koji Sode)
4.1.7. Post-genomic science, genome drug development and gene therapy
(1) Recent technological trends in this area (last five years)
The greatest events that have occurred in the life sciences in the last year are the release of a human
genome draft sequence and rapid progress in the analysis of a full-length cDNA sequence of the mouse.
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While all the biological activity of a living organism is based on the functions of proteins, related
information is passed on from parents to their offspring as genes via deoxyribonucleic acid (DNA). The
process whereby genetic information is converted into proteins takes the following path: DNA -> RNA ->
protein. In terms of the molecular structure, DNA is a double helix consisting of two strands of
deoxyribose (sugar chains) connected via a series of bonded two base pairs (adenine (A), guanine (G),
cytosine (C) and thymine (T)), with genetic information carried in the sequence of these four bases. The
complete DNA molecules of the human and the mouse are extremely long, as they contain approximately
3 billion base pairs. Of these, sections containing approximately 2000 base pairs on average (several
hundred to more than 10,000) are read (transcribed) by messenger RNAs, and are called “genes”.
 The complete elucidation of the process whereby such genetic information is converted into proteins
as physiologically active substances will make an enormous contribution to the life sciences. To
understand the sequence of genome DNA and work out which parts of DNA are transcribed by RNAs,
which parts of the transcribed DNA parts are processed out to produce a mature mRNA and what protein
sequences are coded into mRNAs, it is necessary to analyze the full-length cDNA that is synthesized from
mRNAs using reverse transcriptase. It is also necessary to express and refine the encoded proteins to
determine their three-dimensional molecular structures and functions.
Thanks to the rapid progress in genome analysis techniques in the last five years and the resulting
dramatic rise in the base sequence determination speed, a human genome draft sequence was completed
and published this year (February 2001), along with a mouse genome draft sequence. To study the
structures of genes and sequences of the encoded proteins, the first phase of a complete mouse cDNA
sequence was also published this year (February 2001). It is expected that in the next couple of years, the
genome draft sequences and full-length cDNA sequences of a significant number of living organisms will
be completed.
Although the “determination of the entire DNA base sequences in human chromosomes” had been
forecasted to be realized in 2010 in the 5th survey and the target completion year of the human genome
project had been set to 2003, the draft sequence was  completed in January this year. The biggest
contributing factor to this dramatic forward shift
of the completion time was a major technological innovation. The development of new techniques
and automation of the data production system have ensured that the completion of draft genome sequences
and full-length cDNA sequences for other organisms are only a matter of time. Judging from the speed of
the recent technological innovation, it is expected that the decoding of genetic information on all useful
organisms on earth will be completed in the near future.
Due to the anticipation for the release of genome draft sequences and compilation of genome
information databases, the development of post-genomic (post-sequence) technologies has already made
some progress, resulting in the release of a flood of post-genomic data following the publication of draft
genome/full-length cDNA sequences. Because of its impact on the analysis of gene functions and
subsequent creation of new industries in the future, this area has become a focus of intense attention.
New technologies have been emerging at the organ and entire organism level, in addition to the
molecular level, thus fueling further innovation. Since the demonstration of cloning technology on sheep,
cloning techniques for other organisms such as the mouse have been established, and this is spurring
expectations for their industrial application, and the like. However, an ethical problem concerning human
cloning is rapidly coming to the fore, as will be discussed in detail later on. Developmental engineering
technology has brought progress to organ regeneration, etc., and the development of gene therapy
techniques designed to introduce or suppress gene functions by delivering extraneous DNA to cells and
organs is accelerating because of rapid progress in the development of therapeutic vectors.
Genome technology that rose to prominence in the second half of the 1990s, databases produced with
its use and related technologies such as developmental engineering have far-reaching cross-cutting effects
that are traditionally unthinkable, and have brought a new research style to the life sciences. Such
databases and technologies are applicable to diverse bio-phenomena, and have helped accelerate the
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elucidation of those bio-phenomena (specialized sciences). These sciences are also cross-cutting in terms
of their application. Apart from medical and general biological areas, they will bring significant progress
to bio-industrial production, and the fight against the food problem (breed improvement of crops and
livestock) and energy problem. They may even facilitate a merger of scientific and technical areas because
of their interdisciplinary nature, given the diversity of fields that need them for technological development.
(2)Current topics
Topics that scored highly in terms of the degree of importance index include 65, 01,38, 37, 32, 82 and
11. Roughly speaking, these topics are classified into those relating to the development of diagnostic and
therapeutic methods and genome drugs based on the achievements of genome science and those relating to
cancer and adult diseases as their targets. The topics imply a research direction from genome DNA and
full-length cDNA sequences to their application to gene networks, higher structures of proteins and
genome diversity. It is believed that once this research direction and systems are established, gene function
analysis will accelerate.
Advances in genome science have dramatically changed the approach to gene function analysis.
Firstly, the positional candidate method, which is used to identify a pathogenic gene by extracting
candidate genes from a cDNA bank as soon as its expression pattern is mapped onto the genome and
studying the differences in the base sequence, has been accelerated. A system that expresses proteins at
high speeds and analyzes their higher structures using NMR, x-ray imaging, x-ray crystallography at high
throughputs is nearing completion. The speed of analyzing gene networks based on knockout cells, cDNA
microarrays, interaction between proteins, and the like has been improving at a remarkable pace.
There is little doubt that the importance of the life science field was well recognized, given the fact
that its average importance index was 72.6. With the average ranging from 68.4 for “individual
organisms” to 75.8 for “molecules (genome and molecular interaction)”, respondents obviously attached
the greatest importance to the analysis of molecular-level bio-phenomena among all research areas in the
life science field.
Regarding “leading countries” ranking, the United States was No. 1 (84.5%), followed by Japan
(36.6%) and Europe (22.2%). Although Japan was put slightly ahead of Europe, the United States was
regarded as the runaway leader, looking certain to dominate this field in the 21st century. The fact that the
forecasted realization times for the topics in the life science field are much later (their distribution peak
located in 2016-2020) than those in other fields makes Japan’s intensified efforts all the more important,
as failure to do so would damage its long-term outlook. Respondents views on “measures the government
should adopt” were as follows: data collection based on systematic and comprehensive analysis and
bioinformatics processing in areas requiring the establishment of strategic research centers, such as those
described in topics 09,16,58,07 and 29; research infrastructure should be developed for organ regeneration,
cell synthesis and other infrastructural technologies; and adequate research funds should be allocated to
individual medical areas, including those mentioned in topics 65 and 59, ranging from typical human
lifestyle diseases and adult diseases involving multifactorial inheritance to Alzheimer's disease and cancer,
under competitive funding arrangements. These are all priority research areas where industrialization
based on stepped-up cooperation between industry, academia and government will be needed in the future.
Respondents thought that the need for cooperation between industry, academia and government was
particularly great in drug manufacturing and diagnosis of individual diversity (topics 11 and 70), along
with environmental and energy problems (topics 31,32 and 33).
The official stance on the ownership of intellectual property concerning genome analysis data is such
that DNA sequences are not patentable unless linked to gene functions. However, the definition of
“function” is still vague, and uniform criteria have not been established for the acceptability of functions
predicted by computer simulation. The same basic principles apply to the three-dimensional structures of
proteins, with the patentability of pure structural information ruled out, but again the “function” as the
necessary precondition for a patent has not been clearly defined. Moreover, a clear line has not been drawn
between the precompetition stage, where tasks such as the analysis of DNA sequences are undertaken
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through international cooperation, and the competitive stage, where progress is made through international
competition over intellectual property rights. At present, rules for international competition are still being
drawn up, with individual countries given a say according to their contribution to ongoing international
cooperation. One thing that the government must do is accurately identify the point where international
cooperation ends and international competition starts.
Another important initiative the government should take is human resource development.
Bioinformatics, a technical discipline specializing in inferring functions from DNA sequences as described
in Topics 01 and 58, and brain science face a severe shortage of computational and experimental staff, and
measures to tackle this problem dominated the top five survey responses.
Among the “potential problems in Japan” raised by the respondents, “adverse effect on morals,
culture or society” (25.6%)  were prominent, and this trend was particularly pronounced in the “molecules
(genome and molecular interaction)” area, where a large proportion of respondents  (33.8%) nominated
this issue. This appears to reflect the respondents’ view that genome sequences and related information
must be handled carefully to protect privacy. Concern about ethical impacts is also seen in areas such as
animal cloning and organ regeneration. With regard to ethics and human rights, a legal framework needs
to be established to protect human rights as much as possible, while avoiding unnecessary interference
with scientific progress.
 (3) Future outlook
As “molecules (genome and molecular interaction)” received the highest average importance index
(75.8) in the entire life science field, molecular analysis looks set to remain the leading research area in
this field. At present, strategic research centers are being established for the genome, cDNA and the higher
structures of proteins to conduct research in a systematic and comprehensive manner. The elucidation of
the cascade from molecular interaction and molecular networks to gene expression patterns and efficacy is
expected to make great contributions to the development of new drug development technologies and
understanding of bio-phenomena at the molecular level. Expected effects were “response to people’s
needs” and “expansion of human intellectual resources” for topics relating to “molecules (genome and
molecular interaction)”, “response to people’s needs” for those relating to “cells”, “response to people’s
needs” for those relating to “tissues and organs”, and “response to people’s needs” for those relating to
“individual organisms”.
In the life science field, forecasted realization times were pushed back from the previous survey
almost across the board. A notable exception was areas based on genome databases, e.g. topic 23, for
which forecasted realization times were more or less the same, and this implies an early boosting of R&D
funding.
The development of post-genomic proteomics technologies is urgent. Although Japan developed
some new techniques during the genomic era (PCR-SSCP, PLGS (RLCS) method, molecular indexing
method and full-length cDNA synthesis), the advantage of the United States in the development of post-
genomic proteomics technologies, such as DNA chip technology, is all too obvious. There are many
instances of a technology developed by an American university, national research institute, etc. being
commercialized by an American venture company, and development activities at American venture
companies are quite brisk. This shows that Japan must quickly put in place a social framework that
encourages the establishment of venture businesses, as well as facilitating the development of these
technologies.
With topics 09,16,58, 07 and 29, the development of R&D infrastructure was nominated by
respondents as the top “effective measure the government should adopt in Japan”, concrete examples
including the establishment of strategic research centers for bioinformatics, a technological discipline
specializing in the comprehensive and systematic collection/processing of data with a genome science
approach, and targeting of the development of new technologies such as organ regeneration technology
and artificial cell regeneration technology.
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To increase the throughput of the production of DNA sequence data, genome centers have been
constructed in various parts of the world since the 1990s. Similar moves are suggested for post-genomic
science as follows: the concentration of comprehensive and systematic data measurement activities at
strategic research centers to pursue the economies of scale; and development of research infrastructure for
scientific areas with cross-cutting characteristics in terms of technological development, etc.
The 21st-century life sciences will experience a greater need to merge with other fields, and this, in
turn, will drive the development of new technological areas. Massive amounts of genome information will
require computer performance specs far beyond the current norm, thus ushering in a next-generation
genome computation science. Apart from merging with nanotechnology, the life sciences will combine
diverse scientific fields, including physics, high polymer chemistry, semiconductor engineering, organic
chemistry, optical engineering, computer science, agriculture, pharmaceutics, molecular biology and
medicine. Namely, the life sciences have entered a new era which will see all the natural science fields
converge on them.
(Yoshihide Hayashizaki)
4.1.8. Tissue engineering
Since ancient times, mankind has dreamed of being able to replace or regenerate ailing bodily tissues
and organs, and advances in modern science and technology, particularly medicine and biology, are
rapidly making this dream a reality. The development of various artificial organs from the 1940s to the 60s
marked the first step in this process. Artificial tissues and organs, including artificial kidneys, bones and
valves, were put to clinical use, successfully demonstrating their effectiveness in restoring functions and
prolonging life despite their obvious limitations. Since then, artificial tissues and organs have come a long
way, so much so that therapeutic medicine without them is now unthinkable. However, artificial tissues
and organs made only of artificial materials, such as metals, inorganic compounds and polymers, are much
inferior to natural tissues and organs in terms of functions, such as metabolism and secretion, and
biological compatibility, such as blood compatibility and tissue compatibility, as well as size, durability
and physical characteristics. Such are the differences that the substitution of purely artificial products for
organs engaging in metabolism or secretion, hollow organs requiring a high level of blood compatibility,
such as fine arteries, and tissues such as skin, mucous membrane, cartilage and the cornea is considered
virtually impossible.
The use of living tissues and cells may be able to solve these problems. One way of doing this is
organ transplantation. Following the development of immunosuppressants, such as steroids and Imuran,
organ transplantation began in the second half of the 1960s, and blossomed in the 1970s thanks to the
development of the powerful immunosuppressant “cyclosporin”, with continuous refinements made to
date. However, organ transplantation is hampered by a crippling problem - a chronic shortage of organ
donors. Throughout the world, the supply of transplant organs can only satisfy 5 to 10% of the demand.
Although zenotransplantation, which uses the organs of animals, such as chimpanzees and pigs, has been
attempted since the 1950s, the problem of long-term organ rejection has not been overcome even with
immunosuppressants. Despite the recent boost in its technical feasibility as a result of the development of
cloning technology based on gene control, the future outlook of zenotransplantation is not necessarily
bright because of ethical objections over the incorporation of animal organs into humans and persistent
fears over the possibility of unknown infectious diseases being passed from animals to humans. For these
reasons, the gap between organ supply and demand must be filled by artificial organs, at least for the time
being.
To tackle the limitations of artificial organs based purely on synthetic materials, attempts to develop a
new class of artificial organs - characterized as living tissues and cells grown over artificial materials to
perform biological functions - have been made since the 1960s. Over the years, they have become known
as “hybrid artificial organs” or “bio-artificial organs”, and their research profile has increased.
Nevertheless, growing living cells over artificial materials and keeping them alive for prolonged periods
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have proved to be difficult, let alone multiplying them, and for this reason the development of functional
tissues and organs has been very slow. In the early 1990s, however, success in keeping cells alive on
artificial substrates and multiplying them began to be achieved, thanks to a greater understanding of the
intercellular signal transmission mechanisms and cell surface receptors made possible by advances in
molecular design technology for polymers. This technological discipline is called tissue engineering, and
its goal is to grow living cells over artificial substrates in three dimensions and have them function as
tissues or organs to replace ailing tissues or organs that are difficult to replace with purely artificial
products - in short to produce hybrid artificial organs (bio-artificial organs). In addition to patients
themselves, other humans and other species of organisms are being considered as possible sources of cells,
while the use of bone marrow cells and embryonic stem cells (ES cells) is being investigated in terms of
cell type, as well as cells taken from target organs or tissues. Apart from organs such as the liver and
pancreas, tissue engineering research covers skin, oral mucous membrane, bone, cartilage, blood vessels,
valves, the cornea/retina, peripheral nerves, and the like, and some skin products are already at the
commercialization stage, with an artificial liver capable of functioning for about a week undergoing
clinical tests.
Although tissue engineering has a very promising future, a number of research hurdles still need to be
cleared before it can be put to practical use. These include: the development of artificial substrates
amenable to the control of cell establishment and propagation; three-dimensional cell propagation and
long-term maintenance of functions; and control of immune response and gene insertion in the case of
cells of other humans or foreign species. One the other hand, the cultivation of specific organs or tissues
from ES cells and their use as substitute organs or tissues is called regenerative medicine, and research in
this area is about to begin in earnest in Japan as well. However, technology faces enormous difficulties,
and operations like inducing ES cells to grow into specific organs, controlling size and controlling
functions, that of including nervous systems, in mammals is considered almost out of the question at this
stage.
In the latest survey, topics 40 and 41 related directly to tissue engineering, while topics 16, 17 and 24
concerned regenerative medicine. Respondents put the realization time for the clinical application of
hybrid artificial organs at around 2017, while they thought the use of hybrid artificial organs would be
more than half as widespread as that of purely artificial organs around 2017. This result is believed to
reflect the magnitude of expectation attached to regenerative medicine.
(Kou Imachi)
4.1.9. Bioethics
(1) Bioethics and need for practical response
Throughout the 1990s, bioethics underwent a dramatic transformation from purely academic research
to a practical science with a concrete contribution to make to practical action. In the past, bioethics
focused on ethical issues relating to cutting-edge medical technologies, such as brain death, organ
transplantation, in-vitro fertilization and DNA diagnosis of specific hereditary diseases - i.e. frontier areas
which are exceptions rather than the norm. In the second half of the 1990s, however, the decoding of the
human genome and developmental engineering targeting mammals made rapid progress, turning bioethics
into a universal challenge confronting the life sciences as a whole.
The progress in bioethics research has been strongly linked to the Human Genome Project right from
the beginning. When the Human Genome Project was debated before the U.S. Congress as an
unprecedented extensive life science project in 1989, various social and ethical concerns were raised. For
this reason, it was approved only on condition that 3 to 5% of the overall research project was devoted to
ethical, legal and social issues (ELSI), and this greatly accelerated biomedical research in the 1990s. In
this regard, the conclusion drawn by the United States was essentially that human genome research did not
generate specific ethical issues and could therefore be dealt with through the rigorous application of
existing ethical principles. In the late 1990s, however, some breakthroughs occurred in developmental
203
engineering, including the cloning of mammals and isolation of human ES cells, in addition to the
unexpectedly rapid progress in the decoding of the human genome. As a result, bioethics has entered a
new phase in terms of both scope and practical research control.
Bioethics impacts on R&D through practical research control. In this regard, its role boils down to
specifying the logic and framework under which such research control should be planned and enforced.
The fact that a relatively high degree of importance was given to the two issues of the “formation of
consensus on ethical guidelines within the Japanese research community” and “establishment of a legal
basis for the control of life science research in Japanese society” in the survey shows that the scientific
community as a whole has an accurate grasp of the issue.
 (2) Trends in ethical regulation and future tasks
Ethical control in life science research has been modeled after that used for the protection of the
human rights of the subjects of human experimentation. The National Research Act, a United States law
enacted in 1974 to protect the subjects of human experimentation, provides for various matters including
the following: the establishment of the National Commission for the Protection of Human Subjects of
Biomedical and Behavioral Research to draw up guidelines for human experiments conducted with
Federal research grants; the duty of researchers wishing to conduct human experiments to submit a
research plan to the their institution’s institutional research board (IRB) established on a mandatory basis
and apply for research funding after obtaining its approval; and the formation of an IRB from at least five
members, including at least one outsider. After World War II, the Government's legal intervention with
frontline research facilities was long considered dangerous, but public awareness of the need for research
control in ensuring the progress of life science research within the socially acceptable boundaries has been
growing, with the scope of the above regulatory framework subsequently expanded to include areas other
than human experimentation. Starting with gene combination experiments, the regulatory framework is
now applied to the welfare of experimental animals, gene therapy, and the use of the tissues of aborted
fetuses, and the like, with any necessary modifications made.
As in many other fields, the United States enjoys an overwhelming advantage in life science research,
and thus holds the initiative in determining the direction of international response. This kind of situation,
however, harbors the danger of international debate on bioethics being taken over by the domestic agenda
of the United States. A typical example is the impact of the abortion debate in the United States. In 1973,
the Federal Supreme Court delivered a verdict recognizing women’s discretionary right to have an
abortion within three months of pregnancy. However, the verdict was seen as too progressive by some
sections of the community, and as a result, set off a fierce abortion debate, which still divides the country’s
public opinion today. The key question of the dispute is “when a human being begins”, and this inevitably
evolves into an argument over how far the experimental use of fetuses and early embryos should be
allowed, with ES cell research directly in the line of fire. The Clinton Administration, which presided over
U.S. science and technology policy in the 1990s initially took a favorable attitude towards experimental
use, but later leaned towards a more cautious approach, moving to set up the National Bioethics Advisory
Commission (NBAC) and have it deliberate the issue. The NBAC shot to fame in 1997 in the wake of the
birth of a cloned sheep called “Dolly”, and subsequently issued a recommendation in favor of a five-year
research moratorium on human cloning. Following human ES cell isolation at the end of 1998, it released
a report recommending the limiting of public funding to research involving established ES cell lines.
Today, the circumstances and conditions under which human ES cell research should be allowed constitute
one of the most important bioethics issues throughout the world.
While the United States does not have Federal legislation that regulates reproductive technology in a
comprehensive manner, major European countries enacted a reproductive technology control law in the
early 1990s. The United Kingdom has been enforcing human embryo research control under its Human
Fertilisation and Embryology Act, and intends to introduce rigorous control over ES cells under the same
legal framework. With this law, the United Kingdom has become the only country that has a specialized
supervisory body for reproductive technology as an external organizational unit of the Department of
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Health. In Germany, all forms of embryonic manipulation have been banned under the Embryo Protection
Law of 1991, and there is no movement towards seeking ES cell research. France has decided to protect
human embryos as representing life at its beginning under the Bioethics Law of 1994, and therefore only
approves human embryo research which is observational.
Ethical issues arising from the decoding of the human genome have gradually taken a concrete shape.
Traditionally at issue was the ethics of DNA diagnosis, which revolved around the principle of the consent
of the subject. However, progress in human genome research has changed all that by shaking the
foundation of this principle. Namely, there is a growing social objection to the unlimited use of tissue
samples by researchers engaging in genome research and fetal experimentation even with donor
permission, as the research focus shifts towards the determination of the biological and pathological
significance of variations in DNA found through the genome decoding process, relying more and more on
the ability to process massive DNA and individual-related information simultaneously.
While the importance of the protection of privacy is often stressed over this issue, the concept of the
“right to privacy” as advocated in the United States is one that has originated in the United States
Constitution and evolved over many years through various legal precedents and is therefore fairly specific
to that country. In concrete terms, it can be thought of as the right of ownership/alienation over personal
information relating to one’s own body, activities, relationships, etc., including reproduction, sexual
relations, death and treatment. However, privacy protection in the context of the research use of human
tissue samples is rather complex. Firstly, human tissue samples contain the genetic information of not only
the donors themselves but also their families. Secondly, there is every likelihood that currently undecoded
genetic information will be decoded in the future. For these reasons, the following view is gaining in
popularity: the collection and storage of samples must be undertaken by specifying its purpose and their
use for other purposes must be banned. In 1999, the NBSAC of the United States put together guidelines
on how to obtain informed consent when taking human tissue samples and the necessity or otherwise of
informed consent when using stored human tissue samples. In this regard, stored human tissue samples
were classified into four types according to the degree of identifiability of the donor as follows: 1) the
donor is totally unidentifiable; 2) only the institution where the sample was taken is specified; 3) the
donor’s identity is made inaccessible to researchers through codification; 4) the donor is identifiable. The
guidelines require that the reacquisition of informed consent or confirmation with the donor be exercised
when using tissue samples classified as 4) above for purposes other than the initial purpose.
The Council of Europe, which enforces the European Human Rights Charter, on the other hand,
adopted the European Convention on Biomedicine and Human Rights in 1996 and put it into force in 1999.
The convention aims to recognize human rights relating to information on the human body and genetic
heritage, on which the European Human Rights Charter and biomedicine converge, in terms of shared
international values through the establishment of a declaration treaty. Similarly, UNESCO has drawn up a
draft text of the Universal Declaration on the Human Genome and Human Rights, which characterizes the
entire genetic make-up of humans as a common asset of mankind and cautions against excessive human
intervention with the human genome. In short, the United States is trying to deal with bioethics relying on
the principles of the consent of the subject and personal responsibility, and Europe, on the other hand, is
attempting to attach universal values to it.
(3) Japan’s problems
In September 1997, Japan established the Bioethics Committee under the Council for Science and
Technology (chaired by the Prime Minister), with the Cloning and the Human Embryo Research
subcommittees set up under the committee in January 1998 and December 1998, respectively. In February
2000, the Human Embryo Research Subcommittee announced draft policy guidelines approving ES cell
research under double ethical screening involving the National Government and institutions, targeting
excess embryos created during fertilization treatments. However, Japan does not have laws to control
human experimentation and the use of human tissues in research or treatment, except for the Organ
Transplantation Law. Moreover, it is not even possible to entrust associations of medical professionals
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with the formulation of guidelines on human experimentation or the use of human tissues in research or
treatment, as the Japanese medical profession does not have a closed-shop guild-like organization with
penal provisions against noncompliance. In other countries, it is common for medical professionals to be
required to join a closed-shop professional association, in addition to obtaining a medical license from the
government, with many bioethics issues handled by such an organization. For some reason, there is no
equivalent organization in Japan. With the Japan Medical Association being merely a voluntary-
membership professional society, bioethics control in Japan is built on a rather shaky foundation.
The current situation surrounding bioethics in Japan can be likened to the country’s first exposure to
anatomy at the dawn of its modern nationhood. During the feudal Edo period, dissection was forbidden.
Towards the end of that period, Western medical science was introduced to Japan, and the Japanese began
to learn about their “inner nature” (anatomical structure of their bodies) through modern anatomy. In this
manner, medical practice in Japan underwent a fundamental shift from Chinese medicine to modern
Western medicine. At the dawn of the 21st century, dubbed by some the “century of the life sciences”, we
Japanese are facing the same kind of challenge. Namely, we must devise a suitable policy framework to
control the growing knowledge about our new “inner nature” (genetic structure of our bodies) and its use
prudently. Indeed, we are again at a turning point of civilization. From this perspective, it becomes clear
that Japan’s bioethics agenda, pattern of ethical argument and regulatory system are essentially copies of
those of the United States, and this is in large part due to our techno-nationalism, which is deeply rooted in
our fear of falling behind the United States. However, what Japan really needs to do is to draw up a
comprehensive report featuring both an accurate overall perspective and detailed analysis and foster
consensus on the concrete bioethics issues facing both the health science professions and society as a
whole.
(Syohei Yonemoto)
4.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Life science field
Domain
Objective
Molecules
(genome and
molecular
interaction)
Cells Tissues/organs Individualorganisms Groups
Elucidation of bio-
phenomena as the basis
of technologies and
basic medicine
01 02 03 04
05
06 07 08 09
10
21 22 34 35 36 53 54 55 56
57
58
81
Applied medicine
(clinical)
11 12 13 14 23 24 25 26
27
37 38 39 40
41
42 43 44 45
46
47
59 60 61 62
63
64 65 66 67
68
69 70 71 72
Industry (information,
food, environment
/energy, etc.)
15 16 17 18
19
20
28 29 30 31
32
 33
48 49 50 51
52
73 74 75 76
77
82 83 84
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Domain
Objective
Molecules
(genome and
molecular
interaction)
Cells Tissues/organs Individualorganisms Groups
Other
(diversity, evolution,
safety, ethics, etc.)
78 79 80
<Peripheral topics such as social systems>   85 86 87 88
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4.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.
The average degree of importance index score of the “life science” field was 72.6. The topics which
scored particularly high (top 20 in terms of the degree of importance index score) are listed in the table
below. While the topic rated most important related to the identification of genes, those relating to DNA
base sequence information and cancer are also relatively high on the list.
Table 3.4-1   Top 20 topics in terms of degree of importance
Topic Importanceindex
Forecasted
 Realization time
65:Identification and classification by the molecular etiology of the genes
related to diabetes, hypertension, and arteriosclerosis, which are typical
lifestyle diseases that exhibit multiple-factor hereditary traits.
93 2013
01:Development of methods for surmising new functions of proteins from
DNA base sequence data. 93 2009
38:Practical use of effective means to prevent metastasis of cancer. 93 2017
37:Widespread use of drugs capable of preventing the occurrence of certain
types of cancer. 91 2016
23:Widespread use of medical treatment that leads dysdifferentiating
carcinogenic cells into normal state by controlling the signal transduction
in carcinogenesis of cells.
91 2020
82:Development of technologies which dramatically improve photosynthetic
functions in order to increase food production and preserve the
environment.
90 2018
11:It becomes possible to determine the entire base sequences of an
individual including genetic structure and SNP (single nucleotide
polymorphism) promptly and cheaply, leading to widespread use of such
methods for diagnosis and tailor-made treatment.
90 2012
27:Practical use of a effective drug against multiple-drug-resistant bacteria,
including vancomycin-resistant bacteria. 90 2011
24:Complete understanding of the factors contributing to stem cell
proliferation, and widespread use of the practice of proliferating stem cells,
as necessary, in vitro and using them for medical treatment.
89 2018
17:It becomes possible to differentiate separated stem cells into any organ in
vitro, leading to clinical application of such techniques. 89 2019
16:Development of technology to regenerate targeted organs from
differentiated animal cells. 88 2017
14:Elucidation of the environmental factors and regulatory mechanisms of
immune response which triggers allergies such as hay fever and atopy,
enabling complete control over immediate type hypersensitivity diseases.
88 2016
31:Production of biodegradable plastics, such as bioplastics using
microorganisms and plants, accounts for more than half of the total volume
of worldwide plastic production.
88 2015
05:Development of high-speed genome analysis technology, and
determination of the entire genome sequences of at least 50 important
animal and plant species.
88 2009
59:It becomes possible to prevent the progress of Alzheimer’s disease. 87 2017
09:Establishment of technologies for predicting bioactivity and functional
domain of proteins from their higher-order structures. 87 2012
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Topic Importanceindex
Forecasted
 Realization time
72:Practical use of cancer treatment methods capable of distinguishing
cancerous cells from normal cells, and targeting those cancerous cells. 87 2016
87:Formation of consensus among the research community on guidelines on
ethics-based research controls in the life science field in Japan. 85 2008
13:Identification of most immunologically functional molecules responsible
for organ transplant rejection, enabling organ transplantation free of side
effects.
84 2017
88:Guidelines for life science research in Japan’s research community form
the basis for enactment of related laws and regulations, and are shared by
the entire Japanese society.
84 2011
4.4. Forecasted realization times
The distribution of forecasted realization times of the life science field is shown in the diagram below.
More than 70% of all the topics in this field were forecasted to be realized between 2011 and 2020. The
peak of the forecasted realization time distribution of the field lay further into the future compared to the
general trend.
Figure3.4-1 Forecasted realization times
4.5. Current leading countries
The survey responses on current leading countries, etc. in the life science field are shown in the
diagram below.
The United States was ranked No. 1 with a score of 84.5%. Although Japan was placed second
(36.6%), its score was less than half that of the United States. Compared to Europe (22.2%), Japan was
rated slightly ahead.
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Figure 3.4-2 Current Leading Countries (%)
4.6. Comparison with the 6th survey
Of the 88 topics included in the latest survey, 34 were carried over (content identical to the previous
survey), 33 were modified (content partially changed from the previous survey) and 21 were newly
introduced. The percentage shares of these topics were 39, 37 and 24, respectively. For carried-over topics,
findings in the latest survey concerning importance index and forecasted realization times were compared
with the corresponding findings in the previous survey, with the results shown in the table below.
In terms of the degree of importance to Japan, the score rose for 23 topics, fell for seven topics and
remained unchanged for four topics. The forecasted realization time was brought forward for three topics,
pushed back for 29 topics and left unchanged for two topics.
Table 3.4-2  Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
03:Elucidation of the molecular mechanism for the origin of life. 49 / 2025 50 / 2025
04:Complete elucidation of the molecular mechanism of the cell cycle in
higher mammals (humans, mice). 61 / 2014 61 / 2015
06:Establishment of technologies to decipher the DNA modification
(methylization) information for the entire human genome. 57 / 2011 54 / 2014
14:Elucidation of the environmental factors and regulatory mechanisms of
immune response which triggers allergies such as hay fever and atopy,
enabling complete control over immediate type hypersensitivity
diseases.
88 / 2016 82 / 2014
15:Development of biomimetic elements which duplicate themselves
according to information. 62 / 2020 51 / 2021
18:Development of light energy elements that simulates photosynthetic
response. 80 / 2019 77 / 2017
23:Widespread use of medical treatment that leads dysdifferentiating
carcinogenic cells into normal state by controlling the signal
transduction in carcinogenesis of cells.
91 / 2020 82 / 2020
24:Complete understanding of the factors contributing to stem cell
proliferation, and widespread use of the practice of proliferating stem
cells, as necessary, in vitro and using them for medical treatment.
89 / 2018 81 / 2015
28:Development of technologies, such as biomotors, using the biological
energy conversion mechanisms. 73 / 2017 59 / 2016
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
29:Development of technology for synthesizing artificial cells that replace
cellular functions such as cell membrane transport, substance
conversion, energy conversion, etc.
64 / 2020 58 / 2021
30:Development of artificial membranes with similar functions (active
transport, energy conversion, information transmission) to biological
membranes.
65 / 2017 63 / 2014
33:Practical use of technology for the immediate biological fixation of
highly concentrated carbon dioxide emitted from thermal power stations. 83 / 2018 78 / 2017
35:Elucidation of relationship between learning/memory and synaptic
plasticity. 75 / 2023 68 / 2017
36:Elucidation of brain mechanisms for logical reasoning. 77 / 2028 67 / 2023
38:Practical use of effective means to prevent metastasis of cancer. 93 / 2017 91 / 2013
39:Widespread use of technologies for long-term (semi-permanent)
culturing and preservation of organs. 72 / 2019 72 / 2017
40:Practical use of artificial organs (pancreases, kidneys, livers, etc.) using
human cells and tissues. 82 / 2017 78 / 2015
42:Development of an entirely implantable artificial kidney. 78 / 2019 83 / 2013
43:Development of an artificial retina, allowing the visually impaired
patients with retinopathy to regain their sight. 71 / 2020 74 / 2019
44:Development of artificial muscle elements. 54 / 2021 57 / 2019
50:Development of devices with self-assembling, self-organizing, and self-
recovering capabilities. 60 / 2026 61 / 2022
51:Development of electric circuits with self-organization and self-
restoration functions similar to neural networks. 69 / 2023 63 / 2018
52:Development of diagnostic and medical treatment micromachines
capable of traveling on their own inside organisms (body cavity organs). 73 / 2021 69 / 2015
54:Elucidation of the neural mechanisms for sleep and dreams. 44 / 2022 48 / 2017
55:Complete elucidation of the molecular mechanisms of development and
differentiation. 72 / 2026 71 / 2022
56:Elucidation of the environmental and genetic factors that determine the
sizes and shapes of trees. 56 / 2019 56 / 2018
57:Elucidation of the neurobiological basis of emotion. 61 / 2024 57 / 2021
60:Elucidation of the etiology of manic-depressive psychosis at the
molecular level. 81 / 2019 74 / 2016
61:Elucidation of the etiology of schizophrenia at the molecular level. 74 / 2019 74 / 2016
65:Identification and classification by the molecular etiology of the genes
related to diabetes, hypertension, and arteriosclerosis, which are typical
lifestyle diseases that exhibit multiple-factor hereditary traits.
93 / 2013 88 / 2012
66:Widespread use of vicarious experience devices (using virtual reality
technology) which allow bed-ridden patients to take vacations, etc. 61 / 2016 53 / 2011
73:Elucidation of the molecular mechanisms of flower bud differentiation
in higher plants and its application in agriculture. 76 / 2015 69 / 2013
79:Development of technologies for breeding and cultivating organisms in
the universe. 37 / 2020 43 / 2015
83:Practical application of breeding techniques for plants tolerant to dry
and saline conditions aimed at desertification prevention. 67 / 2018 61 / 2014
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1 211 42 36 22 86 74 23 3 0 55 20 56 67
2 159 36 42 21 93 86 12 2 0 63 14 57 67
X 58 100 0 0 94 90 9 2 0 71 17 52 71
1 207 31 40 29 72 49 42 8 0 29 11 75 44
2 154 25 47 28 74 49 48 2 1 25 5 76 45
X 39 100 0 0 78 56 41 3 0 38 8 77 49
1 186 18 33 49 57 32 34 32 2 14 16 22 87
2 143 9 29 62 49 21 38 37 4 5 8 12 92
X 13 100 0 0 73 54 31 15 0 15 15 15 92
1 191 21 42 37 63 33 53 13 0 23 8 52 73
2 143 15 48 38 61 27 64 9 0 17 5 50 80
X 21 100 0 0 75 57 29 14 0 29 5 29 100
1 205 33 36 31 80 64 30 3 2 64 42 47 68
2 154 28 38 34 88 77 20 1 1 66 38 44 79
X 43 100 0 0 94 90 7 0 2 70 35 37 79
1 179 23 35 42 59 30 50 19 2 23 4 56 63
2 133 17 38 45 57 22 63 14 1 17 2 55 71
X 22 100 0 0 77 57 38 5 0 18 0 50 82
1 194 27 38 36 73 51 42 7 1 30 9 51 80
2 141 20 44 36 78 57 41 3 0 28 4 45 85
X 28 100 0 0 87 74 26 0 0 36 4 36 93
1 189 28 37 35 64 38 45 15 2 30 6 47 68
2 138 20 48 32 62 31 57 10 1 26 4 41 79
X 28 100 0 0 77 57 36 7 0 36 7 50 82
1 201 31 39 30 79 61 34 4 1 51 15 54 66
2 148 26 43 32 87 74 24 1 0 57 8 56 71
X 38 100 0 0 91 84 13 3 0 58 8 42 68
1 160 14 32 54 52 24 43 26 6 35 4 32 61
2 116 12 33 55 52 17 63 17 4 35 1 28 67
X 14 100 0 0 71 57 21 14 7 29 0 29 64
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1
2
3
4
5
6
7
8
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10
Importance (index, %)
Development of methods for surmising new
functions of proteins from DNA base sequence
data.
Elucidation of the molecular mechanisms of
apoptosis, making it possible to freely leave and
remove specific cells within a living body.
Elucidation of the molecular mechanism for the
origin of life.
Complete elucidation of the molecular
mechanism of the cell cycle in higher mammals
(humans, mice).
Development of high-speed genome analysis
technology, and determination of the entire
genome sequences of at least 50 important animal
and plant species.
Establishment of technologies to decipher the
DNA modification (methylization) information
for the entire human genome.
Elucidation of the transcription cascade and
signal cascade of genes, from fertilized egg to
individual, in one representative species such as
mice, leading to elucidation of the mechanisms of
differentiation and function development.
Development of technology to detect gene
expression in a single cell in higher animals with
an accuracy of 1 mRNA molecule.
Establishment of technologies for predicting
bioactivity and functional domain of proteins
from their higher-order structures.
Practical use of methods for directly determining
DNA sequences by physical means such as the
scanning probe microscope.
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0 3 29 97 29 0 1 67 45 58 61 17 9 5 2 5 15 26 3
0 2 23 98 22 0 1 76 42 63 64 8 2 1 0 2 14 31 3
0 0 28 100 24 0 0 76 45 62 76 5 2 0 0 2 5 28 5
7 4 39 92 23 0 6 52 31 52 62 10 11 9 1 9 25 39 2
3 3 36 96 16 0 3 60 25 53 66 1 6 3 0 7 23 43 1
5 0 59 100 23 0 0 67 31 49 77 0 5 5 0 8 13 41 0
12 11 18 72 35 0 22 61 17 47 52 6 16 6 3 10 15 49 2
13 8 14 73 34 0 20 67 10 43 55 3 10 3 1 7 7 52 1
15 0 31 85 54 0 8 62 8 38 85 0 8 0 0 8 8 69 0
2 4 31 92 35 0 6 56 18 51 59 7 8 3 2 6 14 25 2
0 3 27 93 34 0 3 64 12 50 69 3 3 1 0 4 10 35 0
0 5 52 100 48 0 0 62 10 67 81 0 5 0 0 5 10 29 0
0 1 41 99 42 0 1 42 52 61 66 19 12 5 1 15 19 33 2
0 1 42 98 37 0 1 37 50 62 76 12 5 2 0 14 15 35 1
0 0 47 100 33 0 0 42 37 53 72 14 7 0 0 9 12 33 2
1 6 22 82 25 0 15 48 30 47 61 12 7 4 2 6 20 28 2
0 4 17 88 18 0 9 50 26 49 74 6 2 2 0 5 17 32 0
0 5 36 100 23 0 0 41 23 55 91 5 9 0 0 5 23 36 0
2 8 34 89 38 0 9 57 26 61 69 8 9 5 2 8 19 38 3
1 5 28 89 35 0 6 57 18 66 72 4 2 4 0 4 9 43 1
4 0 25 93 32 0 0 64 14 61 82 0 4 0 0 4 0 43 0
3 5 30 81 23 1 15 46 32 51 62 12 4 3 2 5 16 20 1
0 6 30 85 17 1 10 46 26 49 70 7 1 1 0 4 10 26 0
0 4 43 89 29 0 4 57 29 43 82 11 4 0 0 4 7 29 0
1 3 34 89 40 0 7 67 33 67 63 13 4 2 1 6 11 15 2
0 3 31 91 35 0 6 68 29 71 70 9 2 0 0 4 10 16 1
0 3 42 89 37 0 3 61 24 68 76 11 3 0 0 3 11 18 5
4 9 31 59 17 0 28 47 36 43 56 9 2 1 2 3 9 14 2
3 6 35 73 11 0 17 44 37 41 70 6 1 0 0 0 7 22 1
7 0 71 71 21 0 0 57 43 36 86 7 7 0 0 0 0 29 0
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1 204 29 37 33 85 72 22 4 1 44 11 89 47
2 160 27 34 39 90 81 16 3 0 44 6 93 40
X 43 100 0 0 94 88 9 2 0 44 7 91 42
1 185 26 36 38 70 46 41 12 1 24 7 81 40
2 139 26 37 37 76 54 41 5 0 21 4 86 38
X 36 100 0 0 80 64 28 8 0 22 8 81 56
1 185 25 36 39 78 59 36 5 0 26 8 90 31
2 141 21 39 40 84 69 30 1 0 27 3 92 23
X 29 100 0 0 93 86 14 0 0 41 10 97 45
1 189 27 32 41 82 65 31 4 0 31 11 95 26
2 145 24 31 45 88 77 23 1 0 27 6 97 24
X 35 100 0 0 94 89 11 0 0 51 17 100 37
1 107 10 27 63 63 37 42 20 1 50 20 47 41
2 82 6 23 71 62 32 52 16 0 56 11 50 41
X 5 100 0 0 90 80 20 0 0 40 0 60 40
1 194 24 31 44 83 69 27 3 2 41 9 88 38
2 145 20 34 46 88 78 21 0 1 43 5 89 32
X 29 100 0 0 95 93 3 0 3 41 3 90 38
1 193 23 35 42 83 69 26 4 1 40 7 89 35
2 146 20 36 44 89 79 20 1 1 39 2 90 29
X 29 100 0 0 96 93 3 3 0 45 0 90 28
1 111 12 27 61 76 57 31 12 0 62 59 28 25
2 79 6 22 72 80 64 27 9 0 67 59 14 20
X 5 100 0 0 90 80 20 0 0 60 60 0 40
1 112 15 29 56 73 51 37 12 0 76 42 37 22
2 82 11 23 66 78 59 34 8 0 80 41 20 13
X 9 100 0 0 89 78 22 0 0 89 67 22 11
1 156 24 35 42 76 56 38 6 0 60 23 57 47
2 112 21 33 46 80 61 35 4 0 71 13 49 45
X 24 100 0 0 96 92 8 0 0 75 25 50 54
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Importance (index, %)
M
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It becomes possible to determine the entire base
sequences of an individual including genetic structure
and SNP (single nucleotide polymorphism) promptly
and cheaply, leading to widespread use of such
methods for diagnosis and tailor-made treatment.
Elucidation of the molecular mechanism of the
development and adhesion control of adhesion
molecules, enabling interpretation of autoimmune
disease and chronic inflammation on the basis of
control of  these adhesion molecules.
Identification of most immunologically functional
molecules responsible for organ transplant
rejection, enabling organ transplantation free of
side effects.
Elucidation of the environmental factors and
regulatory mechanisms of immune response
which triggers allergies such as hay fever and
atopy, enabling complete control over immediate
type hypersensitivity diseases.
Development of biomimetic elements which
duplicate themselves according to information.
Development of technology to regenerate targeted
organs from differentiated animal cells.
It becomes possible to differentiate separated
stem cells into any organ in vitro , leading to
clinical application of such techniques.
Development of light energy elements that
simulates photosynthetic response.
Practical use of physical production and analysis
technology using catalysts produced with
biomimetic technology.
Practical use of methods for designing proteins
with molecular recognition functions through the
application of bioinformatics.
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2 3 35 93 27 0 3 43 58 53 58 30 18 24 2 4 43 68 2
1 1 31 98 22 0 1 43 65 57 66 28 9 15 1 1 37 73 0
0 0 30 100 30 0 0 53 77 65 74 35 9 14 2 0 30 67 0
11 7 43 84 21 0 8 46 37 42 60 15 7 2 2 1 18 22 2
4 2 41 93 17 0 3 50 35 41 75 6 1 0 0 0 10 18 1
3 0 53 94 31 0 0 61 36 44 72 6 3 0 0 0 14 28 0
9 5 36 90 27 1 6 49 36 52 62 10 21 6 1 3 23 48 1
7 3 34 94 22 1 2 49 30 57 71 6 15 5 0 1 16 54 1
10 0 59 100 41 3 0 59 38 55 72 3 14 7 0 3 31 52 3
4 4 46 75 28 0 13 47 50 46 67 14 6 1 1 5 13 14 2
2 2 56 85 22 0 7 45 51 45 72 8 4 1 0 3 11 16 1
0 3 69 91 40 0 0 43 63 60 89 11 11 3 0 6 14 11 0
5 15 26 66 10 0 26 50 35 44 53 8 4 3 2 17 15 22 0
1 5 26 82 7 0 15 61 30 39 61 6 4 6 0 13 11 24 0
20 0 40 80 0 0 0 80 0 40 80 0 0 40 0 0 0 0 0
4 7 30 89 25 0 6 57 48 60 62 18 24 15 1 6 28 57 1
1 5 30 96 23 0 1 61 44 69 70 10 19 10 0 3 26 64 1
3 3 34 97 34 0 0 66 45 69 79 7 28 7 0 3 21 59 3
5 6 29 91 23 0 6 57 48 59 66 16 21 16 1 4 30 60 1
3 1 27 94 22 0 1 58 47 62 71 9 18 12 0 3 23 67 0
3 0 31 90 34 0 0 59 41 62 79 7 28 10 0 3 21 69 0
0 10 32 62 16 0 26 48 40 52 58 17 3 2 2 23 7 6 3
0 6 29 73 10 0 15 51 34 51 67 10 3 0 0 33 3 5 1
0 0 40 80 0 0 0 60 20 60 60 0 20 0 0 60 0 20 0
3 11 45 67 27 0 18 49 54 46 58 19 5 0 3 18 9 10 2
2 2 45 78 17 0 13 56 50 35 68 11 1 0 0 22 6 11 0
0 11 78 78 22 0 0 78 44 44 89 0 11 0 0 11 0 33 0
4 10 29 77 26 0 19 61 44 59 59 17 4 1 2 12 8 11 2
2 6 29 84 19 0 13 69 38 61 68 11 2 0 0 13 4 11 1
4 0 50 92 29 0 4 75 38 63 83 13 4 0 0 13 0 17 4
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1 127 17 39 44 54 24 45 30 2 28 24 42 51
2 97 11 39 49 52 19 53 27 1 24 20 40 56
X 11 100 0 0 73 55 36 0 9 0 18 64 45
1 111 17 34 49 69 43 47 10 0 50 76 31 24
2 82 15 38 48 71 43 55 2 0 46 80 27 18
X 12 100 0 0 88 75 25 0 0 50 83 25 17
1 180 26 33 42 86 73 23 3 1 36 7 88 38
2 140 19 41 39 91 82 16 1 1 37 2 90 34
X 27 100 0 0 92 89 4 4 4 37 0 93 41
1 186 25 34 41 84 70 26 4 0 35 9 88 42
2 142 23 36 41 89 79 20 1 0 32 4 89 41
X 33 100 0 0 95 91 6 3 0 39 3 82 42
1 174 22 36 43 76 55 37 8 0 25 3 84 43
2 132 17 35 48 82 64 33 2 0 22 1 89 36
X 23 100 0 0 88 78 17 4 0 22 0 87 39
1 116 14 22 65 39 10 30 57 3 23 48 62 22
2 90 10 27 63 40 12 26 61 1 20 42 70 19
X 9 100 0 0 64 44 22 33 0 0 44 78 11
1 157 18 30 52 82 68 27 5 1 32 19 89 17
2 115 13 36 51 90 81 18 1 1 34 13 95 11
X 15 100 0 0 97 93 7 0 0 40 13 93 13
1 111 9 33 58 70 46 39 15 0 64 24 38 29
2 84 6 27 67 73 51 38 11 0 79 17 31 27
X 5 100 0 0 80 60 40 0 0 80 60 60 40
1 131 12 31 57 61 34 45 19 2 53 21 47 44
2 96 8 31 60 64 35 54 11 1 66 18 43 41
X 8 100 0 0 69 38 63 0 0 50 13 38 38
1 134 12 33 55 65 37 48 15 0 57 22 45 36
2 100 8 33 59 65 34 57 9 0 64 18 42 35
X 8 100 0 0 75 50 50 0 0 75 13 75 25
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Importance (index, %)
Ce
lls
Practical use of technology that artificially alters
organella genes and causes the altered organella
genes to function within cells.
Elucidation of the molecular mechanisms of
signal transduction in plants, from the perception
of external signals such as low temperature to
phenotypic expression, and practical use of cold-
resistant plants.
Widespread use of medical treatment that leads
dysdifferentiating carcinogenic cells into normal
state by controlling the signal transduction in
carcinogenesis of cells.
Complete understanding of the factors
contributing to stem cell proliferation, and
widespread use of the practice of proliferating
stem cells, as necessary, in vitro  and using them
for medical treatment.
Establishment of technology to induce
differentiation of stem cells into targeted nerve
cells and glial cells.
Elucidation of the molecular mechanism of
malaria attack, and development of a treatment
method based on the mechanism.
Practical use of a effective drug against multiple-
drug-resistant bacteria, including vancomycin-
resistant bacteria.
Development of technologies, such as biomotors,
using the biological energy conversion
mechanisms.
Development of technology for synthesizing
artificial cells that replace cellular functions such
as cell membrane transport, substance conversion,
energy conversion, etc.
Development of artificial membranes with similar
functions (active transport, energy conversion,
information transmission) to biological
membranes.
216
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
5 10 26 72 22 0 20 49 20 49 59 6 9 7 2 21 17 26 1
2 8 20 74 16 0 18 49 18 48 67 3 5 4 0 22 15 28 0
9 9 18 100 9 0 0 55 18 55 82 0 9 0 0 18 27 45 0
2 10 48 70 19 1 15 45 36 50 61 13 11 3 1 43 11 7 0
1 6 50 80 12 1 9 41 32 54 76 7 7 1 0 57 7 4 0
0 0 67 83 17 0 0 58 8 58 83 33 8 0 0 42 8 17 0
7 9 45 87 29 0 7 56 38 54 68 12 10 5 2 3 18 21 2
5 6 43 91 26 0 4 60 33 57 74 5 8 2 0 2 17 24 0
7 15 63 89 37 0 4 48 48 52 78 0 7 0 0 4 19 22 0
1 5 38 92 27 0 4 58 46 54 72 19 23 9 1 5 22 47 1
0 3 36 93 22 0 1 56 44 57 75 12 19 7 0 2 17 49 0
0 6 42 94 21 0 0 58 52 64 82 15 27 0 0 6 21 58 0
2 4 36 90 25 0 7 57 33 53 70 12 16 8 1 2 19 39 1
1 2 36 92 21 0 3 58 25 53 76 6 13 5 0 2 14 45 0
0 0 43 87 26 0 0 65 26 43 70 4 13 4 0 4 17 57 0
1 7 11 67 27 2 23 41 26 39 51 8 5 0 1 9 9 9 0
0 4 9 76 24 0 21 50 18 39 67 7 2 0 0 7 11 6 2
0 0 0 89 11 0 11 44 22 44 78 11 11 0 0 22 11 0 0
5 10 50 73 29 0 13 32 52 43 59 9 10 3 1 17 17 8 2
3 6 63 78 23 0 8 35 53 46 73 5 6 3 0 20 19 5 2
0 7 73 80 33 0 0 40 40 40 67 7 13 0 0 33 13 0 0
3 5 49 70 21 0 17 48 45 55 64 11 5 0 1 6 10 5 1
1 4 55 83 13 0 12 55 42 50 74 4 1 0 0 7 17 4 1
0 40 80 100 40 0 0 60 40 60 100 0 20 0 0 20 20 0 20
11 12 30 69 18 0 27 52 37 56 51 9 4 1 2 13 11 11 1
7 9 31 81 13 0 15 56 31 65 65 3 2 1 0 17 9 6 2
0 25 38 88 13 0 0 63 25 38 88 0 13 0 0 25 0 0 0
2 8 43 69 25 0 22 43 39 56 58 12 4 0 1 7 13 9 1
1 8 43 81 20 0 11 46 35 57 72 8 3 0 0 7 22 6 2
0 38 63 88 13 0 0 38 13 50 75 0 13 0 0 13 13 13 0
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1 130 12 29 58 85 71 26 3 0 60 90 35 11
2 102 8 32 60 88 77 20 3 0 60 93 25 10
X 8 100 0 0 94 88 13 0 0 63 100 50 0
1 116 12 26 62 73 52 38 10 1 63 84 25 9
2 85 8 26 66 78 60 31 9 0 67 85 19 5
X 7 100 0 0 79 57 43 0 0 86 86 14 0
1 104 11 26 63 77 59 31 10 0 42 96 17 7
2 82 6 32 62 83 70 22 7 0 39 93 12 2
X 5 100 0 0 80 60 40 0 0 100 100 0 0
1 147 16 29 55 72 49 41 9 1 17 3 59 78
2 110 12 26 62 73 50 46 4 1 12 0 64 78
X 13 100 0 0 83 77 8 8 8 23 0 46 92
1 138 14 30 57 73 49 43 7 1 22 4 54 78
2 106 11 25 64 75 51 45 3 1 19 0 58 77
X 12 100 0 0 92 83 17 0 0 17 0 58 83
1 134 11 23 66 71 51 34 14 1 25 4 38 80
2 103 7 21 72 77 57 38 4 1 24 1 35 82
X 7 100 0 0 100 100 0 0 0 57 14 43 100
1 178 18 37 46 85 73 23 4 1 44 10 90 22
2 140 14 34 51 91 82 16 1 1 44 4 96 18
X 20 100 0 0 92 89 5 0 5 45 0 95 10
1 181 19 37 44 88 77 21 3 0 38 8 90 22
2 141 15 35 50 93 85 14 1 0 39 2 95 14
X 21 100 0 0 96 95 0 5 0 48 0 90 10
1 168 14 38 48 68 45 39 13 2 29 5 86 20
2 130 12 38 51 72 50 40 8 2 32 2 91 15
X 15 100 0 0 78 67 20 7 7 27 0 93 27
1 170 19 35 46 77 59 33 7 1 40 7 92 16
2 137 17 35 48 82 68 27 4 1 37 4 93 14
X 23 100 0 0 87 78 17 0 4 43 9 83 26
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Production of biodegradable plastics, such as
bioplastics using microorganisms and plants,
accounts for more than half of the total volume of
worldwide plastic production.
Development of technology for producing fuels
such as alcohol on an industrial scale using
seaweeds.
Practical use of technology for the immediate
biological fixation of highly concentrated carbon
dioxide emitted from thermal power stations.
Elucidation of the entire mechanism of formation
of neural networks at the molecular level.
Elucidation of relationship between
learning/memory and synaptic plasticity.
Elucidation of brain mechanisms for logical
reasoning.
Widespread use of drugs capable of preventing
the occurrence of certain types of cancer.
Practical use of effective means to prevent
metastasis of cancer.
Widespread use of technologies for long-term
(semi-permanent) culturing and preservation of
organs.
Practical use of artificial organs (pancreases,
kidneys, livers, etc.) using human cells and
tissues.
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6 7 63 62 36 0 12 30 63 34 58 40 12 17 0 20 12 5 2
3 7 69 72 27 0 7 26 71 29 66 36 9 12 0 26 9 5 1
0 0 63 50 38 0 0 25 63 38 75 13 25 0 0 38 13 0 0
1 5 55 53 20 2 19 23 60 35 53 26 10 13 0 20 8 3 0
4 5 64 62 15 0 16 21 71 32 62 19 7 9 0 28 5 4 0
0 0 86 86 0 0 0 43 57 43 71 0 14 0 0 29 0 0 0
7 14 47 51 20 0 23 25 58 43 58 18 4 13 1 14 9 3 2
2 12 51 62 16 0 17 20 66 39 63 12 6 11 0 23 6 4 1
0 0 60 60 0 0 0 40 80 40 100 0 0 20 0 40 0 0 0
7 10 39 80 32 0 14 73 23 57 63 8 5 4 1 1 12 33 1
5 8 31 83 25 1 11 74 19 59 72 5 3 3 0 1 8 37 0
15 0 46 77 31 8 0 85 15 62 69 0 8 0 0 8 8 31 0
4 7 37 82 29 0 12 69 22 58 62 7 7 4 1 1 11 28 1
3 4 33 84 25 0 10 72 17 58 74 2 4 3 0 0 7 33 0
8 0 42 75 42 0 0 75 8 33 58 0 8 0 0 0 8 42 0
10 16 27 72 25 0 21 70 24 57 60 9 7 4 1 1 10 34 1
12 12 21 81 21 0 15 73 20 56 67 5 4 3 0 0 9 37 0
0 0 57 86 43 0 0 86 43 57 71 0 0 0 0 0 14 43 0
3 9 43 82 26 1 11 43 56 47 60 23 14 3 1 4 24 16 1
1 3 44 90 24 0 6 42 61 44 71 17 9 0 0 3 26 13 0
0 0 75 100 60 0 0 45 60 45 75 10 15 0 0 0 25 15 0
2 4 48 86 30 0 8 43 55 49 66 22 13 3 1 2 21 15 2
1 2 48 91 28 0 4 46 55 43 72 17 9 1 0 1 22 14 0
0 5 71 100 52 0 0 33 57 43 81 10 14 0 0 5 29 19 0
7 12 29 79 20 0 15 43 41 52 55 21 15 8 3 3 23 50 0
4 4 28 83 18 0 10 48 42 55 63 18 14 8 1 2 16 59 0
13 0 40 93 33 0 0 33 33 47 67 27 20 0 0 7 20 73 0
2 6 50 84 27 0 9 45 55 57 63 29 20 7 1 2 22 46 0
1 4 54 87 19 0 7 46 58 55 70 26 18 6 0 1 18 54 0
0 4 61 96 30 0 0 61 65 74 83 35 30 0 0 4 22 65 0
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1 165 24 27 48 79 59 37 3 1 43 5 93 17
2 136 22 26 51 82 65 34 1 1 45 2 96 16
X 30 100 0 0 87 77 20 0 3 47 0 90 27
1 136 15 35 50 77 57 38 4 1 35 4 97 13
2 112 12 32 56 78 58 38 4 0 38 0 96 10
X 13 100 0 0 87 77 15 8 0 46 0 92 23
1 114 11 34 55 71 47 42 10 1 27 4 96 18
2 93 6 29 65 71 43 53 2 1 27 0 97 14
X 6 100 0 0 75 67 17 0 17 0 0 83 33
1 94 11 30 60 56 20 66 13 1 30 2 87 20
2 81 7 20 73 54 14 75 10 1 30 2 89 17
X 6 100 0 0 54 33 33 17 17 33 0 67 67
1 135 19 28 53 68 42 45 11 1 24 4 90 23
2 99 15 27 58 67 37 58 5 0 16 1 95 19
X 15 100 0 0 72 47 47 7 0 7 0 87 27
1 135 21 24 55 62 36 44 14 6 39 4 83 15
2 108 18 29 54 62 32 56 8 4 38 2 86 14
X 19 100 0 0 66 47 35 6 12 37 5 58 32
1 119 17 27 56 79 61 34 5 0 40 3 95 8
2 99 12 22 66 81 62 38 0 0 41 1 93 7
X 12 100 0 0 82 64 36 0 0 33 8 92 25
1 98 11 22 66 74 53 36 10 0 71 4 32 58
2 76 7 17 76 78 59 35 7 0 68 3 30 54
X 5 100 0 0 90 80 20 0 0 80 0 20 100
1 86 13 26 62 68 43 43 14 0 49 2 57 52
2 68 7 26 66 66 36 55 9 0 47 1 60 53
X 5 100 0 0 100 100 0 0 0 60 0 60 80
1 87 10 21 69 67 41 47 11 1 59 8 41 46
2 68 9 18 74 60 27 61 11 2 65 3 43 47
X 6 100 0 0 67 33 67 0 0 67 0 50 83
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Tissues and organs reconstructed by means of
tissue engineering account for more than half of
those used in medical treatment requiring organ
transplants or artificial organs.
Development of an entirely implantable artificial
kidney.
Development of an artificial retina, allowing the
visually impaired patients with retinopathy to
regain their sight.
Development of artificial muscle elements.
Widespread use of technology for transplanting
nerve cells to the brain.
Development of artificial organs with functions
superior to those of biological organs and tissue.
Low-invasive surgical techniques using micromachines or robots
account for the majority of surgical operations (low-invasive surgery:
technique in which several minor incisions of about 1cm are made in
the abdominal or chest wall through which an endoscope or small
surgical instruments can be inserted to perform the surgery and
enable internal video imaging, rather than traditional open surgical
techniques).
Development of a brain-like computer with a new
logic structure that simulate the brain.
Practical use of interfaces for linkage between the
computer and the brain.
Development of devices with self-assembling,
self-organizing, and self-recovering capabilities.
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6 12 33 87 21 0 9 55 45 57 66 22 24 9 1 2 21 47 0
5 7 34 93 15 0 4 57 46 60 76 17 20 4 0 0 15 54 0
13 0 47 100 13 0 0 67 57 57 83 33 30 7 0 0 23 57 0
6 7 40 72 17 0 19 43 53 49 63 17 20 4 2 1 23 26 1
4 4 38 83 13 0 13 43 58 43 69 11 13 1 1 0 16 29 0
0 0 77 92 23 0 0 62 69 77 85 38 38 0 0 0 31 46 0
8 11 22 67 19 1 26 51 44 55 60 16 17 2 2 1 21 16 3
6 5 22 84 14 1 14 48 42 51 63 9 15 0 0 0 20 18 1
17 0 17 83 0 0 17 17 67 50 67 0 33 0 0 0 33 33 17
5 15 22 56 14 0 36 50 34 52 56 13 14 2 4 0 16 15 3
2 10 22 73 9 0 21 54 30 53 67 2 9 1 0 0 17 12 2
33 0 50 33 0 0 50 67 17 83 67 17 17 0 0 0 17 17 17
6 13 22 79 20 1 16 58 30 55 61 14 22 11 1 1 30 47 0
2 5 22 91 17 2 6 64 27 49 70 10 18 6 0 1 23 59 0
0 7 33 87 13 7 0 53 20 53 60 7 27 0 0 7 27 60 0
21 13 31 73 16 0 22 48 41 57 54 15 11 5 3 1 20 38 1
18 8 27 80 15 0 16 53 40 61 63 8 6 3 1 1 14 44 1
26 5 37 74 21 0 21 63 32 68 68 11 16 5 5 5 16 63 0
5 1 59 83 30 0 6 54 55 50 63 30 13 3 1 1 24 8 0
1 0 65 91 25 0 3 57 59 49 73 22 8 0 0 0 34 9 0
0 0 58 100 25 0 0 42 67 42 50 50 8 0 0 0 58 8 0
6 10 53 81 22 0 10 63 48 53 61 19 2 3 2 0 14 23 0
5 4 47 87 12 1 8 64 41 43 63 16 0 3 0 0 13 32 0
0 0 80 100 40 0 0 100 20 60 80 0 0 0 0 0 40 40 0
10 12 36 81 16 0 10 59 38 50 52 16 7 3 2 0 19 35 0
7 6 35 85 12 0 9 62 38 49 59 7 6 3 0 1 18 41 0
0 0 60 60 0 0 20 60 60 40 80 0 20 0 0 0 20 60 0
10 15 32 77 17 0 15 62 39 57 61 11 2 2 1 7 15 28 1
7 13 35 87 13 0 10 66 34 50 66 6 1 0 0 3 18 31 0
17 0 50 83 17 0 17 83 17 50 83 0 0 0 0 0 0 50 0
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1 73 10 29 62 67 42 42 14 1 67 7 42 47
2 63 6 21 73 69 41 52 6 0 78 5 44 46
X 4 100 0 0 69 50 25 25 0 75 0 50 100
1 107 11 21 67 69 45 42 13 0 45 6 87 16
2 87 6 21 74 73 49 44 7 0 44 2 94 16
X 5 100 0 0 55 20 60 20 0 20 0 100 40
1 129 14 26 60 51 19 48 33 1 18 3 51 73
2 101 7 24 69 49 13 57 30 0 13 1 53 82
X 7 100 0 0 68 43 43 14 0 14 0 57 71
1 109 14 20 66 47 13 50 36 1 13 0 55 67
2 93 5 19 75 44 7 58 35 1 6 0 56 76
X 5 100 0 0 45 0 80 20 0 0 0 60 80
1 179 26 32 41 70 45 48 7 1 31 11 55 80
2 132 20 41 39 72 46 50 4 1 23 6 53 85
X 27 100 0 0 81 67 30 0 4 22 11 52 78
1 89 13 31 55 61 34 45 20 1 43 61 13 49
2 70 9 26 66 56 21 60 17 1 43 66 7 49
X 6 100 0 0 67 33 67 0 0 50 83 17 50
1 105 17 25 58 65 39 44 17 0 26 4 70 73
2 86 8 24 67 61 29 57 14 0 17 1 73 76
X 7 100 0 0 82 71 14 14 0 43 14 71 71
1 132 19 36 45 73 53 33 11 3 62 16 40 69
2 103 13 37 50 75 54 38 7 1 68 5 33 80
X 13 100 0 0 83 69 23 8 0 54 0 31 92
1 152 14 34 51 81 64 32 3 0 36 8 93 26
2 120 13 28 60 87 75 25 1 0 33 2 93 19
X 15 100 0 0 92 87 7 7 0 33 0 80 33
1 133 14 30 56 78 60 31 8 1 33 6 91 32
2 106 11 25 63 81 66 30 4 1 24 1 91 30
X 12 100 0 0 88 83 8 0 8 8 0 75 50
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Development of electric circuits with self-
organization and self-restoration functions similar
to neural networks.
Development of diagnostic and medical treatment
micromachines capable of traveling on their own
inside organisms (body cavity organs).
Elucidation of all molecular mechanisms which
generate the internal rhythms in typical model
organisms, including humans.
Elucidation of the neural mechanisms for sleep
and dreams.
Complete elucidation of the molecular
mechanisms of development and differentiation.
Elucidation of the environmental and genetic
factors that determine the sizes and shapes of
trees.
Elucidation of the neurobiological basis of
emotion.
Progress in bioinformatics enables integration and
mutual utilization of  massive amounts of data,
leading to widespread practice of life science
research in virtual laboratories established on
networks.
It becomes possible to prevent the progress of
Alzheimer’s disease.
Elucidation of the etiology of manic-depressive
psychosis at the molecular level.
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12 11 40 74 16 0 19 53 49 60 67 14 3 7 1 0 12 19 3
6 6 43 79 13 2 10 52 44 59 73 8 0 0 0 0 13 24 2
25 0 50 50 25 0 25 50 50 25 100 25 0 0 0 0 0 50 0
6 7 57 67 21 1 17 42 57 58 64 17 11 4 1 1 21 13 3
2 1 68 85 16 1 5 47 59 63 72 17 8 0 0 0 28 11 1
20 0 100 80 20 0 0 40 60 40 60 40 0 0 0 0 40 0 0
3 12 28 73 26 0 22 50 13 47 59 5 4 2 2 2 11 16 2
1 4 32 78 26 0 17 58 10 44 68 0 2 0 0 2 11 19 0
0 0 29 86 14 0 0 29 29 57 71 0 14 0 0 14 29 14 0
3 8 32 68 22 0 27 55 12 45 55 5 5 1 2 0 11 19 1
2 6 33 72 24 1 20 60 9 44 61 1 2 1 0 0 11 24 0
20 20 20 40 0 0 40 80 0 80 60 0 0 0 0 0 20 20 0
7 13 47 85 43 0 10 63 23 59 74 7 9 6 1 6 11 30 1
6 8 50 88 42 0 8 69 16 57 77 4 7 2 0 5 8 35 1
7 7 56 93 48 0 0 70 22 67 81 4 7 4 0 7 7 33 4
1 10 31 60 28 0 28 53 19 52 67 7 3 1 1 28 7 9 3
3 9 39 79 26 1 17 63 17 49 76 4 1 0 0 33 4 6 3
0 0 67 83 67 0 0 83 17 83 83 33 0 0 0 17 33 33 0
3 10 27 80 32 0 15 62 23 57 67 5 9 3 2 2 12 35 0
1 3 22 85 24 0 12 71 16 53 77 2 5 0 0 1 10 41 0
14 0 29 86 29 0 0 71 29 100 100 0 14 0 0 14 43 57 0
4 7 30 86 30 0 10 69 46 66 58 21 9 3 4 2 14 16 3
4 4 29 91 24 1 3 72 41 68 61 13 3 1 0 0 9 18 0
8 0 62 100 46 0 0 69 23 77 62 15 0 8 0 0 0 38 0
1 4 43 90 34 1 7 51 39 58 74 16 11 5 1 1 17 26 1
1 3 43 92 32 0 4 50 36 53 80 8 5 0 0 0 11 28 0
0 0 47 93 40 0 0 47 40 67 93 7 20 0 0 0 27 33 0
3 5 26 80 28 0 17 51 31 56 65 14 12 4 2 0 16 27 1
2 4 22 83 23 1 13 53 27 57 72 8 6 0 0 0 8 33 1
8 0 25 92 33 8 0 58 42 67 67 0 17 0 0 0 8 33 0
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1 117 13 30 57 73 51 37 12 0 27 4 93 34
2 99 9 25 66 74 53 37 10 0 22 1 90 29
X 9 100 0 0 86 78 11 11 0 33 0 78 33
1 145 22 38 40 74 50 46 4 0 31 6 96 30
2 112 19 39 42 80 61 38 2 0 28 2 96 24
X 21 100 0 0 89 81 14 5 0 57 10 100 38
1 157 13 30 57 74 51 43 6 0 36 20 90 27
2 122 10 32 58 78 57 41 3 0 34 13 91 20
X 12 100 0 0 96 92 8 0 0 50 8 100 33
1 116 6 33 61 50 19 47 29 5 34 13 56 42
2 92 3 36 61 46 11 57 27 6 27 4 65 46
X 3 100 0 0 75 67 0 33 0 33 33 67 33
1 168 25 34 41 87 75 22 3 0 45 6 94 36
2 128 20 34 46 93 87 11 2 0 43 2 95 27
X 26 100 0 0 95 92 4 4 0 50 4 100 35
1 100 11 32 57 61 33 46 17 3 32 5 87 13
2 75 4 32 64 61 28 62 8 1 35 3 92 11
X 3 100 0 0 67 33 67 0 0 67 0 100 0
1 83 16 25 59 68 41 48 11 0 29 6 87 18
2 70 7 26 67 67 36 59 4 0 23 1 93 10
X 5 100 0 0 75 60 20 20 0 40 0 80 20
1 144 25 35 40 65 38 48 13 1 24 9 92 22
2 108 19 35 45 63 32 59 8 1 22 5 94 17
X 21 100 0 0 68 48 33 14 5 29 10 90 33
1 121 17 40 44 69 45 41 13 0 36 11 88 12
2 93 16 39 45 75 54 38 8 0 41 6 94 9
X 15 100 0 0 85 73 20 7 0 47 7 93 20
1 116 16 39 46 75 54 39 7 0 43 9 91 21
2 85 13 36 51 79 61 35 5 0 46 2 93 11
X 11 100 0 0 86 73 27 0 0 64 0 100 0
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Importance (index, %)
Elucidation of the etiology of schizophrenia at the
molecular level.
Establishment of methods of treating several
diseases by controlling the local immune system.
Scientific elucidation of the interaction of factors
in daily life (eating habits, air quality, etc.) that
influence the process of carcinogenesis.
Development of a complete in vitro  embryo
cultivation technique based on artificial placentas
for mammals.
Identification and classification by the molecular
etiology of the genes related to diabetes,
hypertension, and arteriosclerosis, which are
typical lifestyle diseases that exhibit multiple-
factor hereditary traits.
Widespread use of vicarious experience devices
(using virtual reality technology) which allow
bed-ridden patients to take vacations, etc.
Practical use of technology that utilizes a
computer to monitor motor-related activity of the
brain, and enable direct and voluntary control of
artificial limbs without the spinal cord or
peripheral nerves.
Practical use of gene therapy for sex-linked
immune deficiency.
Practical use of technology for oral formulations
for protein drugs.
Practical use of treatment protocols that use
compound toxicity/metabolism databases or drug
reactivity databases.
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6 4 23 82 29 0 15 56 24 59 59 7 10 3 2 0 18 26 1
3 4 16 87 23 1 8 62 23 56 68 3 9 1 0 0 15 35 0
11 0 22 100 44 11 0 56 22 33 78 0 22 0 0 0 11 44 0
1 6 49 87 34 0 9 52 39 53 68 14 15 4 2 1 20 19 2
0 4 52 91 30 0 4 56 38 59 78 8 8 2 0 0 22 18 1
0 0 71 95 48 0 0 57 62 76 95 24 19 0 0 0 24 10 5
3 7 55 76 31 0 16 48 34 56 61 8 6 3 2 3 17 14 3
3 4 57 81 25 0 11 45 33 52 68 6 2 1 0 1 20 8 1
8 0 83 83 42 0 0 50 58 58 83 17 8 0 0 0 17 0 0
10 8 28 72 28 0 22 45 30 53 52 9 19 16 3 5 26 56 1
8 4 22 80 20 0 15 49 30 57 59 1 12 15 0 2 16 68 0
33 0 33 100 0 0 0 0 67 33 67 0 33 33 0 0 33 67 0
2 1 50 91 43 0 4 50 45 60 68 16 15 5 2 1 22 30 2
1 1 55 94 38 0 4 57 47 63 80 13 9 2 1 1 20 36 1
0 0 50 100 35 0 0 54 62 77 81 12 4 0 0 0 23 42 0
6 1 43 76 23 0 14 51 49 46 53 20 15 7 2 1 20 15 1
1 0 56 89 21 0 5 56 56 49 67 15 11 1 0 0 29 12 0
0 0 67 100 33 0 0 33 67 33 33 0 0 0 0 0 67 0 0
4 6 45 78 28 0 10 57 47 53 58 18 10 6 1 1 18 18 1
3 4 43 90 17 1 6 57 44 53 70 11 4 1 0 0 24 19 0
20 0 80 100 60 0 0 40 40 60 60 20 20 0 0 0 20 20 0
1 2 32 93 30 0 4 47 40 55 58 14 19 8 2 2 22 29 1
1 3 23 94 26 0 4 47 44 58 69 9 10 4 0 2 16 31 0
5 0 24 100 43 0 0 62 67 52 71 10 19 10 0 5 24 48 0
3 10 47 79 31 0 12 39 55 39 50 24 13 4 2 2 26 11 1
2 5 47 84 30 0 9 38 63 39 57 18 11 1 0 2 33 5 1
0 0 73 93 33 0 0 47 60 47 73 20 20 0 0 0 33 7 7
1 3 45 84 39 0 9 47 59 59 59 20 17 3 3 2 25 16 1
1 1 49 91 31 0 6 47 69 58 75 15 8 0 1 2 29 11 0
0 0 27 91 18 0 0 55 100 45 73 9 9 0 0 0 45 9 0
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1 128 27 34 40 69 43 49 9 0 19 2 96 34
2 105 25 34 41 70 42 54 4 0 20 1 96 30
X 26 100 0 0 82 69 19 12 0 27 4 92 27
1 174 22 36 42 82 66 31 3 0 40 5 93 22
2 133 17 39 44 87 74 24 2 0 42 2 94 18
X 23 100 0 0 90 83 13 4 0 35 4 96 22
1 81 22 32 46 71 50 35 15 0 54 65 30 36
2 68 19 26 54 76 55 39 6 0 59 68 19 31
X 13 100 0 0 81 62 38 0 0 62 69 38 38
1 97 15 43 41 77 60 29 11 0 40 85 33 12
2 78 12 42 46 83 68 27 5 0 36 90 21 10
X 9 100 0 0 100 100 0 0 0 44 89 44 11
1 84 15 30 55 74 56 28 15 1 49 83 20 12
2 69 14 23 62 78 61 28 12 0 49 90 13 7
X 10 100 0 0 88 80 10 10 0 70 100 20 10
1 88 16 34 50 78 61 28 11 0 48 89 26 13
2 69 14 30 55 82 66 28 6 0 51 96 14 4
X 10 100 0 0 88 80 10 10 0 60 90 30 10
1 104 13 31 56 55 25 48 25 3 39 2 88 18
2 83 13 30 57 56 22 62 13 2 42 2 92 16
X 11 100 0 0 64 27 73 0 0 36 9 91 9
1 62 8 18 74 43 11 43 41 5 27 8 42 60
2 57 5 16 79 41 7 47 40 5 12 5 46 74
X 3 100 0 0 58 33 33 33 0 0 0 67 67
1 65 6 20 74 38 8 45 34 14 31 26 14 51
2 57 7 16 77 37 5 49 30 16 25 23 18 58
X 4 100 0 0 50 25 25 50 0 50 0 25 75
1 149 15 32 53 62 34 48 17 1 44 24 48 29
2 121 13 32 55 65 35 53 12 0 52 18 58 22
X 16 100 0 0 77 53 47 0 0 63 25 63 25
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Importance (index, %)
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Elucidation of the pathogenesis of autoimmune
diseases such as multiple sclerosis, and systemic
lupus erythematosus.
Practical use of cancer treatment methods capable
of distinguishing cancerous cells from normal
cells, and targeting those cancerous cells.
Elucidation of the molecular mechanisms of
flower bud differentiation in higher plants and its
application in agriculture.
Practical use of genetically engineered plants and
microorganisms capable of removing
environmental pollutants such as NOx.
Practical use of plants accumulating high
concentrations of hydrocarbons as a fuel source.
Development of crops with atmospheric nitrogen
fixation and soil phosphate fixation capabilities as
an environmental preservation technology that
can reduce the application of fertilizers.
Elucidation of the biological control functions of
taste and mastication, leading to practical use of
food that contributes to the maintenance and
improvement of health (prevention of diabetes,
obesity, etc.).
Practical use of methods to prevent a
deterioration in biological functions under a
gravity-free state.
Development of technologies for breeding and
cultivating organisms in the universe.
Development of a pathologic testing method to
replace animal studies.
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2 4 45 94 34 0 5 48 35 59 73 13 7 1 2 1 16 19 2
1 3 37 95 30 0 3 47 33 59 78 9 3 0 0 1 10 21 2
4 0 62 100 46 0 0 46 54 69 96 19 8 0 0 4 12 15 4
3 4 48 86 34 0 9 45 48 55 69 17 7 3 1 2 21 13 1
2 2 47 88 30 0 7 46 50 58 78 12 4 1 0 0 26 10 2
0 4 61 96 48 0 0 52 61 57 74 17 13 0 0 0 17 4 4
1 6 43 77 40 0 15 58 32 60 67 9 9 2 0 27 9 7 2
0 4 54 87 31 1 7 62 28 51 81 6 4 1 0 34 3 6 0
0 0 69 100 46 0 0 77 23 54 92 15 8 0 0 38 15 23 0
5 9 46 72 33 0 14 47 44 53 62 11 14 11 0 37 11 7 1
1 6 58 82 28 0 9 47 49 53 78 13 10 5 0 42 6 4 1
0 0 78 89 44 0 0 56 56 56 89 22 22 11 0 56 11 22 0
7 14 42 69 25 1 15 39 39 56 60 10 13 8 1 31 10 5 0
4 9 46 80 19 1 13 39 41 43 68 7 7 6 0 33 3 6 0
0 0 70 90 40 0 0 60 40 40 90 20 20 10 0 60 20 30 0
3 7 40 72 31 0 16 48 39 50 63 10 14 6 2 35 10 6 1
0 4 43 83 28 1 9 52 36 46 75 6 9 4 1 33 7 4 1
0 0 40 90 40 0 0 70 30 40 90 20 20 0 0 70 20 30 0
2 12 37 52 16 0 27 46 34 46 47 11 8 2 2 4 19 8 1
1 10 36 69 16 0 23 51 35 47 54 8 5 2 0 4 24 7 1
0 0 64 82 18 0 9 64 45 73 64 9 0 0 0 9 36 0 9
5 8 21 89 13 0 10 52 24 50 58 6 5 3 3 3 15 10 0
2 7 18 91 12 2 9 58 18 58 67 0 2 2 0 4 26 5 0
0 0 0 100 0 0 0 67 0 100 33 0 0 0 0 0 0 0 0
0 12 12 86 14 2 6 48 23 51 57 5 3 2 2 15 9 5 0
0 7 12 93 11 4 2 53 25 53 67 4 2 0 0 23 4 4 0
0 0 25 100 0 0 0 50 25 75 75 0 0 0 0 0 0 0 0
23 8 28 71 36 0 18 50 42 58 59 15 17 6 2 3 17 16 2
17 5 23 79 28 0 13 52 40 57 67 11 14 4 0 1 18 14 0
6 13 31 75 50 0 6 56 44 63 75 6 31 0 0 6 19 13 0
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1 143 20 34 47 76 55 39 4 1 46 5 90 31
2 112 14 32 54 81 62 38 1 0 42 1 96 24
X 16 100 0 0 94 88 13 0 0 50 0 100 31
1 95 15 38 47 84 70 28 2 0 58 94 25 19
2 79 13 25 62 90 80 20 0 0 57 87 15 14
X 10 100 0 0 90 80 20 0 0 40 100 20 30
1 95 17 34 49 64 40 38 21 1 42 92 17 16
2 77 13 29 58 67 43 38 17 1 40 95 12 12
X 10 100 0 0 73 50 40 10 0 30 90 30 20
1 114 15 25 60 42 14 38 36 12 8 9 11 93
2 96 13 18 70 43 15 34 44 7 8 4 9 98
X 12 100 0 0 69 50 33 8 8 8 8 25 92
1 98 9 30 61 60 33 44 19 4 38 4 46 58
2 81 4 30 67 60 29 55 15 1 36 5 49 63
X 3 100 0 0 67 67 0 0 33 67 0 67 67
1 148 20 28 53 75 56 32 10 1 54 74 43 13
2 116 16 27 58 79 63 27 9 1 58 78 41 9
X 18 100 0 0 89 78 22 0 0 50 83 50 11
1 176 18 34 48 79 61 32 6 1 39 23 45 49
2 138 10 36 54 85 72 23 3 1 38 15 57 53
X 14 100 0 0 100 100 0 0 0 36 14 64 36
1 172 17 31 52 78 62 29 7 2 42 24 47 45
2 135 10 30 60 84 71 23 4 2 45 14 53 42
X 13 100 0 0 100 100 0 0 0 31 8 69 38
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Development of bioinformatics capable of
prospecting the risk of carcinogenesis from
genetic background etc.
Widespread use of crops that can be grown
without agricultural chemicals using genetic
engineering technology, after gaining
understanding of the general public.
Formation of consensus among the research
community on guidelines on ethics-based
research controls in the life science field in Japan.
Guidelines for life science research in Japan’s
research community form the basis for enactment
of related laws and regulations, and are shared by
the entire Japanese society.
Development of technologies which dramatically
improve photosynthetic functions in order to
increase food production and preserve the
environment.
Practical application of breeding techniques for
plants tolerant to dry and saline conditions aimed
at desertification prevention.
Elucidation of the evolutionary mechanism of
organisms, and implementation of verifying
experiments.
Widespread use of educational curriculums
designed to actively utilize the results of brain
research.
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0 6 36 88 33 0 7 58 43 57 61 22 11 13 2 0 22 47 0
0 4 34 94 27 0 4 60 43 57 70 15 4 12 0 0 20 51 0
0 0 31 100 31 0 0 75 63 50 88 19 6 13 0 0 31 63 0
2 13 43 72 32 0 19 57 41 54 69 12 13 5 0 29 8 6 1
1 10 37 85 23 0 10 56 37 47 78 9 6 1 0 33 6 5 1
0 0 40 100 50 0 0 70 40 50 70 20 10 10 0 70 10 30 0
0 8 49 73 27 2 19 47 36 48 66 16 14 4 4 32 6 5 2
0 6 47 83 21 3 10 48 35 48 77 10 13 3 1 35 4 5 3
0 0 70 100 20 0 0 80 30 60 90 10 10 10 0 60 10 30 0
25 18 25 61 22 0 32 48 16 44 49 4 4 6 3 11 11 29 2
20 18 23 71 14 0 24 59 15 36 52 1 3 6 0 8 7 41 1
25 25 25 92 8 0 0 50 25 42 100 0 8 0 0 17 17 50 0
8 14 20 58 16 0 30 53 20 42 32 5 11 10 2 0 13 37 0
5 14 17 72 19 0 23 69 17 48 32 1 5 5 0 0 11 52 0
67 0 0 67 0 0 33 67 33 67 67 0 0 0 0 0 0 100 0
8 8 32 87 26 0 6 32 42 36 36 16 36 19 5 44 42 18 1
7 4 31 91 22 0 3 34 53 34 41 11 38 18 4 53 44 10 0
6 0 44 100 33 0 0 44 50 39 56 22 39 11 11 61 22 22 0
2 6 26 61 38 0 24 36 23 23 14 6 22 34 5 6 16 32 2
1 2 29 70 40 0 17 46 22 17 10 1 19 43 1 1 15 39 2
0 0 21 79 29 0 7 50 14 21 21 0 29 29 0 0 14 57 7
4 8 22 55 31 0 24 34 24 24 14 5 20 33 5 8 15 34 2
3 4 23 67 36 0 18 44 21 18 10 1 16 44 2 2 15 41 1
0 0 23 69 31 0 8 54 15 31 23 0 23 31 0 0 8 62 8
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5. Survey results in “Health and medical care”
5.1. Trends in noteworthy domains
5.1.1. Overview (Introduction)
In the latest 7th technology forecast survey, the following four areas were chosen as “noteworthy
domains” in the “ health and medical care” field: 1) regenerative medicine, 2) diseases, particularly those
that prose problems for the elderly, such as cancer, arteriosclerotic diseases, dementia and infectious
diseases, 3) medical care systems for an aged society, and 4) artificial organs. Reflecting the ongoing
aging of the population, many of the top 10 highest scoring topics in terms of the degree of importance
related to diseases classified as so-called old-age diseases. Of these, topics relating to cancer were most
numerous - a notable trend in the latest survey, which is consistent with the fact that cancer is still the No.
1 cause of death in Japan. Cancer was followed by arteriosclerosis and dementia. This is not surprising for
the following reasons: first, arteriosclerosis is an important underlying disease for myocardial infarction
and cerebrovascular accident, two of the most common causes of death after cancer; second, dementia -
particularly Alzheimer’s disease, a debilitating disease with an unknown cause and few effective
treatments - has become a serious social problem because of its severe impact on sufferers, who
progressively lose their mental capacity and dignity as the disease advances, and the heavy burden it
places on their families and society, even though is does not directly cause death. These diseases were also
covered in surveys as particularly important diseases. Infectious diseases, on the other hand, are in the
spotlight as they encompass diverse diseases, both old and new. These include: pneumonia, which is the
most frequent direct cause of death for the elderly; AIDS and hepatitis C (emerging infectious diseases);
and tuberculosis, drug-resistant bacteria infections and opportunistic infectious diseases (re-emerging
infectious diseases). In this survey, it was decided to combine all these conditions into a single “diseases”
domain. Apart from the noteworthy domains characterized by “vertical specialization”, centering on
diseases, great importance was attached to crosscutting domains with broad relevance to the health and
medical care field as a whole, with regenerative medicine, an area that has rapidly become a focus of
attention in recent years, chosen as their first pillar. In addition to diseases and regenerative medicine,
medical care systems and various artificial organs - two areas that have been  rapidly advancing by riding
on the back of rapid advances in IT and medical engineering, were chosen as noteworthy domains to bring
the total number to four.
Of these, regenerative medicine has become the most hotly watched area as a result of advances in
molecular biology and, more importantly, the recent discovery of embryonic stem (ES) cells. Technology
designed to cultivate regenerative cells, which have division potential, and use them for regenerative
treatment purposes are being put to practical application in skin grafts and other areas. In addition, stem
cell-based regenerative medicine has become more realistic in the wake of the confirmation of the
presence of stem cells in the brain - an organ consisting of highly differentiated nerve cells, long regarded
as typical non regenerative cells, which do not divide after birth - and great hopes are pinned on this form
of regenerative medicine. Regenerative medicine is about to be applied to the treatment of a wide range of
diseases and organ injuries, and this is a new phenomenon not observed in the past technology forecast
surveys.
However, artificial organs will remain an important research area, until regenerative medicine
advances to a point where the supply of organs, rather than tissues, is possible, and there is a good chance
that the two will merge to provide a new developmental direction.
Alongside individual diseases, rapid advances in medical information systems in this IT era is a main
issue in medical care, particularly in terms of response to the aging of the population.
Brief explanations by experts on these noteworthy domains follow.
(Syunsaku Hirai)
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5.1.2. Regenerative medicine
The latest survey introduced a few topics relating to regenerative medicine. These were 73, 55, 53
and 67. Topic 82, on the other hand, was a carryover topic, which was included in both the previous and
the latest survey. Of these, the first two featured in the top 20 topics in terms of the degree of importance,
ranked 11th and 20th, respectively. This result shows that the importance of regenerative medicine was
well recognized considering the fact that it was newly introduced in the latest survey - though not to the
extent of cancer-related topics.
Regenerative medicine/treatment, which aims to restore lost organ functions, stems from the cloning
of a sheep and development of human embryonic stem (ES) cell lines. The cloned sheep was produced by
inserting the nucleus of an adult somatic cell into an egg cell and returning it to the womb. This gives the
calf identical genes to those of the somatic cell. Although this method is theoretically applicable to human
beings, human cloning is banned in Japan. Namely, it is not a technical issue but an ethical one.
ES cells are obtained from a fertilized egg by opening up the blastocyst before the egg becomes a
fetus and cultured to produce an established cell line. An established cell line continues propagating in a
culture, and is capable of turning into any type of cell in the human body. An ES cell research project is to
be given the go-ahead only after scrutiny from both within and outside the institution. Cell transplantation
involving differentiated ES cells, called committed stem cells, may be carried out in various branches of
medicine in the future. The forecasted realization time of topic 73 was 2020, which is later than
expectations. This appears to indicate that respondents thought that the production of ES cell-based organs
and tissues would take some time as it involved difficult steps such as the development of biomaterials,
although the use of ES cells in cell therapy could become a reality earlier. Another factor is the expected
opposition to the use of ES cells as a source of stem cells, although this may not be as strong as the
opposition to human cloning. Other hurdles include differences in the histocompatibility antigen between
the recipient and transplant ES cells.
Stem cells present in organs, e.g. liver stem cells, central nerve stem cells and pancreas stem cells, are
also a focus of attention. There is a possibility that these stem cells may participate in a regeneration
process across organs. This is a property of stem cells known as plasticity. For example, it has recently
been discovered that hematopoietic stem cells among bone marrow cells do not only differentiate into
blood cells but can also differentiate into liver cells if transplanted in the liver, while muscle cells
transplanted in the bone marrow could restore hematopoiesis. Phenomena such as these are considered as
proof of plasticity. Along with stem cells of endothelial cells, the bone marrow contains mesenchymal
stem cells (MSCs), which could differentiate into bone, cartilage, lipids, skeletal muscle and cardiac
muscle. Research into regenerative medicine that uses these cells is advancing, and some human trials are
said to have begun. Nevertheless, fairly late realization times of 2015 and 2019 were forecasted for topics
55 and 53, respectively.
Topic 82 was also included in the previous survey, and at that time the forecasted realization time was
2014, which compares to 2018, for the latest survey. In either case, an early realization is not expected.
This is somewhat surprising given the fact that efforts to purify hematopoietic stem cells have made
progress, and most of the cytokines involved in their amplification and differentiation have been
elucidated. This apparent contradiction seems to be attributable to respondents’ awareness of the
difficulties associated with the development of products that are as good as transfusion blood in terms of
economy and safety. However, research in this area may accelerate if the safety of conventional blood
products based on transfusion blood becomes an issue due to contamination with pathogens such as HIV
and the mad cow disease prion.
Another avenue of regenerative medicine is artificial organs, but the degree of importance given to
the related topics has fallen across the board in the latest survey. Namely, regenerative medicine based on
cell therapy seems to arouse greater expectations at present than that based on artificial organs.
(Hideaki Mizoguchi)
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5.1.3. Diseases
(1) Cancer
Topics relating to cancer ranked high in terms of the degree of importance as was the case in the
previous survey, illustrating a continued high level of interest. On average, they received a degree of
importance index score of 72.0 out of 100, which is extremely high compared to 59.3, the average score
for the health and medical care field. Notably, six out of 20 topics considered particularly important were
cancer-related, including topics 04 and 05, which were both forecasted to be realized in 2014. These topics
were also included in the 5th and 6th surveys, conducted 10 and five years earlier, respectively. The
forecasted realization times in the 6th survey were 2013 for topic 04 and 2012 for topic 05, which are not
much different from the results of the latest survey, and this is also the case with the 5th survey figures.
The topic which has undergone a considerable change in forecasted realization time from survey to survey
is 38, which was forecasted to be realized in 2003 in the 5th survey, 2013 in the 6th survey and 2020 in the
latest 7th survey, showing a steady shift further into the future. This indicates that while many people are
convinced that the pathogenesis of cancer is being gradually elucidated through various research efforts,
encompassing, among other things, gene research focusing on oncogenes, antioncogenes, metastasis-
related genes and the like, and research into the expression of genes based on DNA chips, they also feel
that these advancements are not properly reflected in treatment records.
For this reason, topic 13, which is prevention-related, was introduced for the first time. It ranked high
(5th) in terms of the degree of importance and is forecasted to be realized in the not-so-distant future
(2017). The forecasted realization time of topic 16, which relates to lifestyle diseases, was 2010, - a fairly
early realization time, if these lifestyle diseases are to be understood to include cancer. At any rate, this
indicates that greater expectations were attached to prevention than progress in treatment.
 The conventional main cancer treatment methods are chemotherapy, radiotherapy and surgery, and
no significant progress has been made on that front in recent years. New treatment methods, one the other
hand, include drug therapy, such as molecular targeted therapy, immunological therapy, and gene therapy.
Gene therapy has been somewhat stagnant in recent years due to the recent death of a trial subject in the
United States, while molecular targeted therapy has made significant progress. All-trans retinoic acid
(ATRA), a vitamin A derivative, is used to treat one type of acute leukemia by inducing immature
leukemic cells to differentiate normally. With this type of leukemia, a patient has a reduced sensitivity to
ATRA due to a gene abnormality in the retinoic acid receptor, so that the disease can be cured through a
massive injection of ATRA. Chronic myelogenous leukemia is caused by an abnormal tyrosine kinase that
manifests due to a gene abnormality, and inhibitor drugs for that particular tyrosine kinase have been
developed. These drugs are attracting widespread attention because of their remarkable effectiveness. A
COX2 inhibitor drug, a nonsteroid analgesic, is known to be effective in preventing colon cancer, and has
thus become a focus of attention - though its mechanism is yet to be understood. One distinguished quality
of these remedies is low toxicity, unlike traditional drug therapy centering on antimetabolites.
Traditionally, treatments based on inhibitor drugs, such as ATRA and COX2, were regarded as alternative
therapies, but they should in the future be given greater attention as potential mainstream therapies.
Hematopoietic stem cell transplantation is sometimes used as a supplementary treatment to chemotherapy
or radiotherapy. Although it must overcome the donor problem, progress has been made through the
establishment of a bone marrow bank, cord blood bank, and the like. In addition, non-myeloablative stem
cell transplantation (widely known under its informal name “mini transplant”) has been developed as a
low-invasive alternative. This method is designed to provide a kind of immunotherapy, as well as injecting
hematopoietic stem cells. As the invasiveness of pretreatment is low, it is applicable to the elderly, thus
expanding the scope of potential transplant recipients. In addition to leukemia, the successful cure of an
advanced kidney cancer through the application of this method has been reported, thus further raising
interest.
The number of cancer deaths has been steadily increasing since it became the No. 1 cause of death in
1981. It is therefore necessary to have a thorough look into the reasons why this is so despite the massive
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efforts being made to overcome the disease. Although the ongoing development of new treatment methods
gives us new hope, greater emphasis should be placed on prevention based on the improvement of our
environment and lifestyles, which are contributing factors to cancer.
(Hideaki Mizoguchi)
(2) Arteriosclerotic diseases
Japan’s No. 1 cause of death is malignant tumor, followed by stroke and heart disease. Both stroke
and heart disease frequently occurs with arteriosclerosis as the underlying cause, and their pathology
depends on lifestyles. Research into arteriosclerosis has made remarkable progress in recent years, and the
main contributing factor to this is the widespread use of the HMG-CoA reductase inhibitor, which is
capable of controlling the progress of arteriosclerosis via an anti-hypercholesterolemia effect. In the latest
survey, topic 09 received a high degree of importance index score (84), which put it in third place. The
corresponding figures for the previous survey were 78 and sixth, and this indicates a further increase in the
importance of this topic against a background of the arrival of an aged society.
Among the 20 topics rated most important in the health and medical care field in the latest survey
were topics 16 and 21, which received degree of importance index scores of 78 and 66, respectively,
underscoring the importance of diseases resulting from arteriosclerosis.
In Japan, the greatest concerns that many people have about their old age are said to be becoming
bedridden or developing dementia. To back up this observation, topics 89 and 74, which received degree
of importance index scores of 75 and 72, respectively, featured in the top 20. As has been eloquently said,
people age with their blood vessels, and arteriosclerosis is closely linked to aging, so much so that people
most frequently become bedridden due to arteriosclerotic diseases.
While these results are a vivid reminder of the rapid aging of the population, the forecasted
realization times of the topics in this area were pushed back from the previous survey. For example, the
forecasted realization time of topic 09 was shifted from 2011 to 2013. Recent arteriosclerosis research has
made significant progress in terms of the elucidation of cytokine-based gene therapy, which characterizes
arteriosclerosis as an inflammatory reaction, and the roles of nitrogen oxide (NO) and hormones, and the
like. The apparent discrepancy between such progress and the slightly later forecasted realization time
may indicate that respondents came to a better appreciation of the difficulties associated with the task
through a better theoretical understanding of it. At any rate, a fairly early realization is expected for this
topic, as 2013 is not such a distant future.
The forecasted realization time of topic 89 was pushed back from 2018 to 2021. Only about 10 year
years ago, the feasibility of the elucidation of the aging mechanism was uncertain. However, this has
become much more realistic following the discovery of telomeres, with quite a few findings recently
reported on the role of telomeres in the aging process. Where 2018 in the previous survey seemed more
like an obscure distant future, 2021 in the latest survey looks like a fairly definite future predicted with a
genuine sense of expectation.
The survey results may be summarized as follows: to dispel the above concerns of the Japanese
people, it is necessary to elucidate the onset mechanism of arteriosclerosis, draw up scientific guidelines
on lifestyles on that basis, popularize a non-invasive diagnostic technique for arteriosclerosis, and
eradicate the bedriddenness and dementia resulting from it.
(Akihisa Iguchi)
(3) Dementia
Among the 20 topics rated most important in the health and medical care field in the latest survey
were topics 06 and 46, ranked fourth and 13th, respectively, while topic 09, which relates to
arteriosclerosis - a cause of dementia - took the No. 3 spot. It is also noteworthy that topic 74 was ranked
No. 10, though it only indirectly relates to dementia. Due to a paradigm shift in medical and life science
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research, the pathologies and treatments of diverse diseases are expected to be reduced to common
technical elements based on molecular biology and molecular medicine in the future, with the particularity
of individual diseases becoming less and less important. In this regard, while it is natural to attach greatest
importance to life in the sense of “life or death”, we must also pay adequate attention to life in the sense of
“everyday life”.
Alzheimer’s disease is said to “kill a person twice”. First, it kills a person socially by rendering him
or her incapable of going about everyday life; second, it kills the person physically after a long gradual
deterioration. A paradigm shift is occurring not only in medicine but also in health and medical care. This
is reflected in the fact that by far the greatest number of respondents nominated “response to people’s
needs” as an expected effect of technology for topics across the health and medical care field.
Nevertheless, none of the individual topics in this field appeared in the top 10. This seems to imply the
possibility that respondents did not have a clear idea about the directions in which technological
development should head, but it could also simply have been due to an underrepresentation of topics
geared towards “response to people’s needs”. Alzheimer’s disease has a “terminal stage” as understood in
a different sense from that of cancer. Since a Chicago trial more than 10 years ago, hospice care for
Alzheimer’s disease has made remarkable progress amid a shift from institutional care to home-based care,
a process driven by greater emphasis on improved quality of life. Although activity in this area has been
very sluggish in Japan, progress has started to be made, with the issue of rehabilitation taken up by the
Japan Dementia Society.
Research efforts focus on pathological studies geared towards the elucidation of the onset mechanism.
With regard to degenerative diseases, molecular biology and genetic research aimed at degenerative
products have been actively undertaken with promising results, leading to progress in the elucidation of
various genes associated with degenerative products involved in a single disease. Research efforts are also
being made in the classical interest areas of oxidative stress and energy metabolism. The analysis of the
pathogenic genes of Alzheimer’s disease as a heterogenic disease is expected to make rapid progress.
Nevertheless, the forecasted realization time of the topic ranked fourth in terms of the degree of
importance was pushed back by two years to 2014, and this appears to indicate the complexity of the topic.
There are a number of degenerative dementias other than Alzheimer's disease, and this is an area where
Japanese researchers have made a great contribution in terms of the development of disease concepts and
elucidation of pathogenic genes, an example being diffuse Lewy body disease.
Once classified as a slow virus infection, Creutzfeldt-Jakob Disease is today discussed as a prion
disease. The fear of mad cow disease, or bovine spongiform encephalopathy is so great that it even
threatens to create international tension, but interest is still relatively low in Japan, despite the public
uproar over infection cases caused by dura mater transplantation. Diverse issues surround Creutzfeldt-
Jakob Disease. For example, its onset mechanism is not uniform, involving a range of factors, including
the sporadicity of occurrence, genetic link and infection, while there is a racial variation in genetic
polymorphism in the prion protein. Topic 35, which relates to prion diseases, is forecasted to be realized
around 2019, and this indicates that it is seen as a difficult topic.
Cerebrovascular accident is also important as a cause of dementia, and stroke still remains a serious
disease, thus living up to the title of “Japan’s national disease”. Nevertheless, it is increasingly becoming a
preventable and treatable disease. At present, vascular factors in Alzheimer’s disease are being debated,
while interest in hereditary cerebrovascular leukoencephalopathy and cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is growing. Although very
few CADASIL families exist in Japan, there are more than 200 in Europe and North America. It is
expected that gene-level argument of cerebrovascular dementia will have an impact on its disease concept.
Although drug therapy has been developed for Alzheimer’s disease and its use is spreading, it is
based on symptomatic treatment with obvious limitations. Nevertheless, it is rated high in terms of its
effectiveness in “response to people’s needs”. Although a few drug therapy agents for cerebrovascular
accident have been developed in Japan, it might reflect a distortion in the Japanese health and medical care
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market created by the Government’s policy intervention based on the universal health insurance system,
etc. Alongside the development of drug therapy, rapid progress is being made in the elucidation of the
differentiation control mechanism for nerve stem cells, and this raises the real possibility that cell
transplantation and regenerative medicine will bring a revolutionary change to the treatment of
degenerative diseases of the nervous system. Against a background of an increasing number of dementia
sufferers, research topics focusing on the maintenance and improvement of the quality of life are also
important.
(Fumio Eto)
(4) Infectious diseases
Starting with the establishment of epidemic diseases as infectious diseases caused by specific
pathogens, research on infectious diseases has made remarkable progress over the last hundred years,
giving rise to immune therapy and antibacterial drug therapy along the way. With ever improving public
hygiene, we believed for a time that we had a water-tight infectious disease control system. However,
treatments have led to an increase in the number of compromised hosts and spread of drug-resistant
bacteria, and fundamental problems still remain to be solved. Ecologically speaking, bacteria and people
are in a symbiotic relationship, and infectious diseases arise from an occasional loss of equilibrium in the
human-bacteria power struggle. In the future, therefore, infectious disease control efforts will lean towards
an approach which takes into consideration the coexistence with bacteria as an integral part of the solution.
There is a strong possibility that ongoing environmental changes will give rise to the emergence of new
infectious diseases in the future. Near-future science and technology trends concerning infectious diseases
will be discussed below with survey results in mind.
(i) Diagnosis: While most highly toxic bacteria that cause infectious diseases have been identified,
advances in molecular genetics and immunology may make it possible to elucidate the pathogenetic
significance of various microorganisms. There still exist a host of diseases with unknown causes,
including collagen disease and similar diseases, as well as malignant tumors. However, as the details of
immune response to various microorganisms come to light, new trends in etiology will emerge, leading to
the development of new treatment methods. Conventional efforts to speed up tests to identify pathogenic
microorganisms and evaluate their drug sensitivity have hit the wall due to the waiting time needed for
multiplication. However, rapid advances in molecular genetics and automatic testing equipment have
made it possible to diagnose pathogens at the gene level. DNA microchips, automatic reading devices and
computer analysis techniques will make further advancements, and this will allow frontline clinicians to
monitor worldwide and local infectious disease incidence trends on a real-time basis, thus making a major
contribution to diagnosis, treatment and prevention.
(ii) Treatment: Treatment aimed at destroying pathogenic bacteria using antibacterial drugs has been
facilitating bacteria to evolve towards drug resistance, and this has resulted in a vicious circle of humans
developing new drugs only to see bacteria acquire resistance to them. In this sense, a better way of
controlling infectious diseases is to neutralize pathogenic bacteria on the basis of the symbiotic
relationship between humans and microorganisms, rather than trying to destroy them. Therefore, future
advances in the treatment of infectious diseases are expected to revolve around this approach. Some
viruses, such as HIV and oncogenic viruses, establish themselves in the host by integrating their genetic
material into that of the host, making their removal difficult. In these cases, hopes are pinned on the
advancements of treatment methods that aim to neutralize viruses.
(iii) Prevention: The prevention of infectious diseases through vaccination has proved successful with
smallpox and polio, and the eradication of measles has now become the next goal. With other
microorganisms, however, the diversity of antigenicity and antigen drift and shift pose a major hurdle, and
hopes are pinned on new component vaccines and DNA vaccines. While vaccination has traditionally been
based on the idea of protecting the whole population, it is expected to move towards targeted vaccination,
which focuses on high-risk groups for specific pathogens. An increase in the number of compromised
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hosts due to the administration of antineoplastic agents and immunosuppressants has given rise to the
frequent occurrence of opportunistic infectious diseases. In this regard, the development of antineoplastic
therapy and immunoregulation drugs will provide much-needed prevention measures.
(Takashi Inamatsu)
5.1.4. Medical care systems for aged society
In 1999, Japan’s aged population grew to 16.7% of the total population,heralding the arrival of an
aged society. Accounting for 6.7% of the population p in their late old age（i.e. aged 75 or older）, Japan
could even be described as an ultra-aged society. Various medical care systems, including old-age disease
prevention and information systems, nursing care/independent living support systems and terminal care
systems, will be discussed below.
(1) Old-age disease prevention and information systems
Regarding the topics relating to these systems, more than 90% of respondents named “response to
people’s needs” as their expected effect, while more than a third notably pointed out “contribution to
socioeconomic development”
Topic 16 was rated as seventh important topic in the health and medical care field, and was forecasted
to be realized in 2010. But it was given the slow pace to accumulate of evidence on primary and second
prevention of vascular event for the elderly, in case of preventive intervention of chronic disease with
modifying daily habit, it is far from realization..
Although Topic 66 was forecasted to be realized in 2014, only a third of respondents considered it
important. The relationship between nutrition and longevity, which is concerned in the various data, it has
not enough to comprehend the significance of the chewing function.
Topic 17 was given a relatively low degree of importance index score, considering the fact that
osteoporosis is responsible for more than 10% of all bedridden cases. It was forecasted to be realized by
2013, although the fracture rate has been rising in the past 10 years according to epidemiological records.
The popularization of rehabilitation and the improvement of activities of daily living (ADLs) at
institutions caused the increase in the occurrence of falls. Given the unlikelihood of the fall rate dropping
sharply any time soon, the focus is on the improvement of the compliance of hip protectors and their
spread.
Regarding information systems, respondents identified the promotion of cooperation while industry,
academia and government as the key task. Topic 86 was ranked 15th in the health and medical care field in
terms of the degree of importance, and was forecasted to be realized in 2011. Topic 83 exhibited a large
perception disparity between specialists and non-specialists.
(2) Nursing care and independent living support equipment
Among support equipment, beds, lifts and oral care devices have made remarkable advances.
Equipment with which designed to replace lost bodily functions is still at the research stage, and its
practical application is not expected in the foreseeable future. In the latest survey, 90% of respondents
chose “response to people’s needs” as an expected effect for all topics in this category, although their
perceived importance was low across the board. Most important topic was 85 that received a degree of
importance index score of 61, and forecasted to be realized by 2013. The second highest degree of
importance topic was 84 that forecasted to be realized by 2013. The realization of topic 68 was regarded as
impossible prior to 2015
 (3) Terminal care
Topic 74 was rated 10th most important in the health and medical care field, and forecasted to be
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realized in 2010. A third of respondents pointed to an “adverse effect on morals, culture or society” as a
“potential problem” in Japan. Recently, in the terminal care for the elderly, this is consistent with the
recent debate on the definition, the choice between active treatment and palliative care, and the like.
 (Kenji Toba)
5.1.5. Advances in artificial organs
An artificial organ is used as a replacement organ or a means of functional support in the event of a
vital organ ceasing to function properly. Artificial organs were developed in the 1940’s, and have to date
been constantly refined through research and development. However, many current artificial organs are
not designed to totally replace an organ - rather, they are only meant to substitute some of its functions.
Artificial kidneys that are in widespread clinical use today provide renal failure patients who have lost all
kidney functions with artificial kidney functions consisting of the removal of extra moisture and uremic
toxins from their blood and correction of electrolyte imbalances, thus partially restoring the lost kidney
functions. At present, 197,213 patients (as of end of December 1999) receive this treatment in Japan. Of
them, 40,000 have survived more than 10 years, with the longest survival record standing at 32 years.
Despite a recent increase in the number of diabetic nephropathy sufferers due to the aging of dialysis
patients, the survival rate has been relatively high, and this is attributable to advances in multidisciplinary
treatment, of which dialysis technology is a part. However, the treatment is far from perfect as it is
cumbersome, taking up to 4 to 5 hours three times a week. Besides the possibility of complications such as
bone and joint disorders and amyloidosis cannot be eliminated. Indeed, there is a vast need for true
artificial kidneys, which will dramatically improve patients’ quality of life (QOL), and this necessitates the
development of wearable (portable) or implanted models, i.e. next generation artificial organs. In the latest
7th technology forecast survey, the importance of topic 60 to Japan was well acknowledged. However, its
forecasted realization time was pushed back from 2018 in the previous survey to 2019. Although the exact
reason is unknown, it seems to reflect the difficulties associated with achieving a technological
breakthrough that ensures all-round satisfactory performance for implanted artificial kidneys, in terms of
materials, modules, overall system design, etc., as well as enhanced safety.
As successful organ transplantation cases involving organs taken from brain-dead persons have begun
to emerge in Japan, the bridging role that artificial organs are expected to use until organ transplantation is
performed is becoming clear. Although hopes are high for the development of fully implanted artificial
hearts and lungs, technical hurdles still exist in terms of the antithrombotic property and durability of
materials and power supply systems. Regarding artificial lungs, membrane types made of hollow fibers
have already been in widespread clinical use for short-term treatment. In the future, the practical use of
fully implanted artificial lungs will also be realized if sufficient performance enhancement and down
sizing are achieved, along with the development of membrane materials resembling biological membranes
and suitable circuit materials. Topic 59 was forecasted to be realized in 20 years’ time. Regarding artificial
livers, the development of hybrid (bio) artificial livers, rather than purely artificial ones, is more realistic
because of the need for a synthetic metabolic function and detoxication function, with a study into the
species of organisms to which liver cells are sourced, culture media and modules already under way.
Hybrid (bio) artificial livers are also likely to play a bridging role, but this is of course contingent on
advances in regenerative medicine and tissue engineering. The current focus of artificial pancreas research
is the development of portable or implanted mechanical artificial pancreases and hybrid artificial
pancreases. Against a background of a growing number of diabetes sufferers, the need for artificial
pancreases is greater than ever, with great hopes pinned on their early realization. Functional blood
purifiers capable of selectively removing desired components from blood have already been introduced to
the clinical scene. In the latest survey, the widespread use of apheresis treatment, suitable for the selective
removal of more substances, was forecasted to be realized around 2015, some 14 years away. Some
artificial organs as understood in the broad sense of the term, including artificial valves, pacemakers,
large-size artificial blood vessels, artificial joints, sensory organs, skin and hemoglobin, have already been
put to practical use, providing a near-perfect substitute for bodily functions, though covering only small
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portions of the human body. Topics 76 and 51 were forecasted to be realized in 2020.
The development of new materials, including biomaterials, holds the key to the development of
artificial organs. Given the rapid advances that regenerative medicine and tissue engineering are expected
to make, the practical application of hybrid artificial organs may occur sooner than forecasted. Hopes for
the practical use of fully-implanted organs are high. For this to happen, however, human resources
development and stepped-up cooperation between industry, academia, industry and government are
paramount, as is strongly indicated in the latest survey.
(Fumitake Gejyo)
5.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Health and Medical care field
Domain
Objective
Infectious
diseases,
immune
disorders,
and
metabolic/
endocrine
diseases
Neoplasms
Neurological
, mental and
muscular
diseases
Circulatory,
renal and
respiratory
diseases
Digestive
system
diseases
Birth trauma
and newborn
disorders
Injuries General/common
Health
promotion
01 02
Elucidation of
disease
development
mechanisms
03 04 05 06 07 08 09 10
Improvement
of standard of
prevention
methods
11 12 13 14 15 16 17
Improvement
of standard of
testing and
diagnostic
methods
18 19 20 21  22 23 24 25 26
Improvement
of standard of
treatment
methods
27 28 29
30 31 32
33 34 35
36 37
38 39 40
41 42 43
44
45 46 47
48 49 50
51 52 53
54
55 56 57
58 59 60
61 62
63 64 65
66
67 68 69 70 71
72 73 74
Improvement
of standard of
rehabilitation/
assistance
75 76 77 78 79 80
Integration
(systematiza-
tion)
81 82 83 84 85
86
Basic
(elucidation of
functions of
living body, its
essence, etc.)
87 88 89 90 91 92
93 94
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5.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.
Degree of importance index scores averaged 59.3 for topics in the health and medical care field as a
whole. Topics judged to be particularly important to Japan (top 20 topics in terms of degree of importance
index score) are listed in the table below. While topics rated most important related to cancer, those
relating to lifestyle-related diseases also featured relatively high on the list.
Table 3.5-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
04:Elucidation of carcinogenic mutation mechanisms. 89 2014
05:Elucidation of cancer metastasis mechanisms. 87 2014
09:Elucidation of the arteriosclerosis contraction mechanisms. 84 2013
06:Elucidation of the contracting mechanisms in Alzheimer’s disease. 82 2014
13:Widespread use of methods to prevent cancer based on genetic diagnosis. 81 2017
19:Widespread use of early diagnosis methods based on blood tests for
almost all cancers. 79 2016
16:Widespread use of scientific guidelines for lifestyles (nutrition, rest and
exercise) to prevent lifestyle-related diseases. 78 2010
38:Improvement in the average five-year survival rate for all types of cancer
to more than 70% . 78 2020
89:Elucidation of individual aging mechanisms. 75 2021
74:Widespread use of palliative care in the final stage of life of elderly
people. 72 2010
73:Widespread use of regenerative treatment technology for damaged organs
using embryonic stem cells. 71 2020
42:Practical use of effective methods against cancer metastasis. 71 2017
46:Widespread use of treatment methods capable of completely curing
Alzheimer’s disease. 70 2020
81:Early elucidation of the appearance of unknown virulent pathogens
through a global surveillance system to prevent their world-wide spread. 70 2017
86:Widespread use of a system in which all medical data of an individual,
such as test results, medical history, and prescribed medications, are stored
on a single card.
69 2011
27:Widespread use of drugs to cure viral liver disease. 68 2014
21:Widespread use of non-invasive diagnosing methods to determine the
level and extent of arteriosclerosis. 66 2012
30:Development of treatment methods capable of completely curing allergies
such as atopic dermatitis. 66 2016
32:Widespread use of an oral insulin treatment method. 66 2014
55:Development of a cell therapy method for myocardial infarction. 66 2015
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5.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. Approximately 40%
of all topics in the health and medical care field were forecasted to be realized between 2011 and 2015 or
between 2016 and 2020. Compared to the general trend combining all fields, forecasted realization times
were on the whole later.
Figure3.5-1   Forecasted realization times
5.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. In the health and medical care field, the U.S. was ranked No. 1, scoring 80.9%, followed by Japan
(30.0%) and the EU (20.3%).
Figure 3.5-2   Current leading countries (%)
5.6. Comparison with the 6th survey
Of the 94 topics included in the latest survey, 47 were carried over (content identical to the previous
survey), 26 were modified (content partially changed from the previous survey) and 21 were newly
introduced. The percentage shares of these topics were 50, 28 and 22, respectively. For carried-over topics,
findings in the degree of importance index score and forecasted realization time in the latest survey were
compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score rose for 12 topics, and fell for 35 topics.
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The forecasted realization time was pushed back for 43 topics, brought forward for one topic, and left
unchanged for three topics.
Table 3.5-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
04:Elucidation of carcinogenic mutation mechanisms. 89 / 2014 88 / 2013
05:Elucidation of cancer metastasis mechanisms. 87 / 2014 86 / 2012
06:Elucidation of the contracting mechanisms in Alzheimer’s disease. 82 / 2014 73 / 2012
07:Elucidation of the pathogenesis of autism. 56 / 2016 43 / 2017
08:Elucidation of contributing factors to bronchial asthma. 60 / 2012 64 / 2010
09:Elucidation of the arteriosclerosis contraction mechanisms. 84 / 2013 78 / 2011
10:Elucidation of factors contributing to (primary) chronic contraction. 53 / 2013 58 / 2013
14:Practical use of the prevention against congenital anomaly originating
in the embryonic or fetal period. 48 / 2017 53 / 2013
16:Widespread use of scientific guidelines for lifestyles (nutrition, rest and
exercise) to prevent lifestyle-related diseases. 78 / 2010 81 / 2006
27:Widespread use of drugs to cure viral liver disease. 68 / 2014 75 / 2010
29:Widespread use of a method to eliminate viruses from blood. 62 / 2017 69 / 2010
31:Possible to cure autoimmune diseases. 60 / 2021 67 / 2020
34:Widespread use of gene therapy for familial hypercholesterolemia. 49 / 2016 54 / 2014
38:Improvement in the average five-year survival rate for all types of
cancer to more than 70% . 78 / 2020 87 / 2013
40:Widespread use of a method to overcome the drug resistance of cancer. 62 / 2018 77 / 2013
41:Development of radiosensitizers effective in cancer treatment. 52 / 2013 65 / 2009
42:Practical use of effective methods against cancer metastasis. 71 / 2017 76 / 2013
44:Widespread use of gene therapy for cancer. 64 / 2018 72 / 2014
45:Development of a technique to deliver drug to targeted sites in the
brain. 60 / 2016 59 / 2015
47:Development of a cure method for schizophrenia. 59 / 2025 64 / 2018
49:Widespread use of gene therapy for muscular dystrophy. 50 / 2018 48 / 2016
50:Development of effective treatment for amyotrophic lateral sclerosis. 51 / 2019 49 / 2018
51:Practical use of artificial muscles for limbs. 49 / 2020 47 / 2020
56:Widespread use of functional blood purifiers that selectively remove
specified components from blood. 55 / 2015 57 / 2010
57:Widespread use of artificial hemoglobin as a red blood cell substitute. 56 / 2014 61 / 2012
58:Development of fully implanted artificial hearts. 56 / 2015 65 / 2013
59:Practical use of fully implanted artificial lungs. 51 / 2021 61 / 2019
60:Practical use of fully implanted artificial kidneys. 58 / 2019 63 / 2018
63:Practical use of fully implanted artificial pancreas. 52 / 2018 66 / 2015
64:Development of artificial liver (external devices supporting liver
functions) usable on a long-term, continuous basis. 53 / 2019 61 / 2016
65:Development of hybrid-type artificial endocrine organs in which living
cells and artificial objects coexist. 53 / 2021 57 / 2014
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
66:Widespread use of prevention and treatment methods for tooth decay
and periodontitis to ensure the retention of 20 or more teeth at 80 years
of age.
64 / 2014 66 / 2008
67:Widespread use of a technique to store, cultivate and transplant one's
own tissues. 60 / 2015 62 / 2012
68:Practical use of implanted bladder control devices. 49 / 2015 54 / 2010
69:Practical use of gene therapy for genetic disorders. 53 / 2018 58 / 2012
70:Practical use of heterogeneous organ transplantation as means of
treatment. 49 / 2020 58 / 2016
72:Practical use of a drug safety verification method (mutagenicity,
teratogenicity and toxicity) without relying on animal tests. 57 / 2017 65 / 2013
76:Development of artificial eyes featuring electronic circuitry that can be
connected to nerve and brain cells. 51 / 2020 49 / 2019
79:Practical use of controlling devices which help the cooperative
muscular actions enabling intended movement. 48 / 2018 55 / 2014
80:Widespread use of artificial legs featuring a small power source and
computer control. 47 / 2014 51 / 2010
82:Practical use of a blood cell production and supply technique based on
industrial-scale cultivation. 58 / 2018 63 / 2014
85:Widespread use of robots that care for people with severe physical and
mental disabilities. 61 / 2015 60 / 2012
87:Elucidation of molecular mechanism of memory. 55 / 2023 65 / 2018
88:Development of hybrid-type artificial intelligence that combines ICs
and living cells. 52 / 2027 55 / 2019
89:Elucidation of individual aging mechanisms. 75 / 2021 71 / 2018
90:Elucidation of the mechanism whereby living organisms undergo
changes in the space environment. 37 / 2020 41 / 2018
92:Practical application of the production of artificial cells with organ
characteristics. 54 / 2023 58 / 2023
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5.7. Table of survey results
H
ig
h
M
ed
iu
m
Lo
w
In
de
x
H
ig
h
M
ed
iu
m
Lo
w
U
nn
ec
es
sa
ry
1 142 10 35 55 54 21 56 22 1 26 8 87 20
2 107 6 41 53 53 16 65 17 2 24 6 93 15
X 6 100 0 0 67 33 67 0 0 33 17 100 17
1 147 12 33 55 45 11 49 37 3 27 18 72 28
2 109 7 38 55 45 10 54 33 3 28 13 79 18
X 8 100 0 0 69 38 63 0 0 25 13 75 38
1 153 14 37 49 63 32 56 13 0 16 7 90 16
2 120 10 35 55 60 25 68 8 0 15 4 92 10
X 12 100 0 0 75 50 50 0 0 33 25 92 17
1 172 24 41 35 87 75 22 4 0 37 20 85 33
2 126 23 44 33 89 79 19 2 0 41 11 90 21
X 29 100 0 0 92 86 10 3 0 41 21 90 38
1 170 21 39 39 82 67 27 6 0 33 16 87 26
2 124 20 42 38 87 75 23 2 0 38 8 93 17
X 25 100 0 0 91 84 12 4 0 40 16 96 28
1 144 21 21 58 78 59 36 5 0 38 17 86 28
2 110 16 20 64 82 64 35 1 0 42 9 90 19
X 18 100 0 0 97 94 6 0 0 44 11 89 33
1 92 4 23 73 56 25 48 27 0 18 5 85 18
2 73 1 19 79 56 23 54 23 0 21 4 85 15
X 1 100 0 0 100 100 0 0 0 100 100 100 0
1 128 8 38 55 62 30 57 13 0 20 8 94 16
2 99 7 28 65 60 26 64 10 0 20 2 93 9
X 7 100 0 0 71 43 57 0 0 29 0 100 14
1 146 20 34 46 79 60 36 3 0 36 14 86 23
2 115 15 30 55 84 69 30 1 0 43 7 89 15
X 17 100 0 0 91 82 18 0 0 41 6 94 18
1 112 13 25 62 57 26 51 23 0 23 9 87 17
2 91 9 21 70 53 17 60 23 0 20 5 91 9
X 8 100 0 0 66 38 50 13 0 38 25 88 13
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Quantification of stress levels becomes possible.
Practical use of a method to quantitatively assess
biological age.
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Elucidation of the contracting mechanisms in
autoimmune diseases such as rheumatoid arthritis.
Elucidation of carcinogenic mutation
mechanisms.
Elucidation of cancer metastasis mechanisms.
Elucidation of the contracting mechanisms in
Alzheimer’s disease.
Elucidation of the pathogenesis of autism.
Elucidation of contributing factors to bronchial
asthma.
Elucidation of the arteriosclerosis contraction
mechanisms.
Elucidation of factors contributing to (primary)
chronic contraction.
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11 9 8 63 18 1 30 52 23 50 51 2 2 2 1 1 27 48 1
9 5 4 69 13 0 25 56 22 62 59 1 0 1 0 1 21 71 0
0 0 0 83 33 0 0 100 33 50 83 0 0 0 0 0 33 33 0
4 10 17 61 15 0 31 46 21 52 52 2 3 3 3 2 27 50 1
5 6 11 68 10 0 28 46 18 61 61 5 1 4 1 1 23 65 0
0 0 13 88 0 0 0 100 25 38 88 0 0 0 0 0 25 38 0
0 2 36 83 21 0 9 49 29 59 73 3 3 1 1 1 16 17 3
0 2 30 89 18 0 5 56 28 68 73 2 3 0 0 0 16 20 3
0 0 50 92 42 0 0 75 33 83 67 0 0 0 0 0 25 8 8
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0 6 35 94 29 0 6 88 65 82 88 0 0 0 0 0 18 18 0
2 5 30 72 22 0 25 50 32 55 68 4 6 1 1 0 16 12 3
1 5 26 75 16 0 20 62 34 59 76 3 5 0 0 0 19 11 3
13 0 38 100 38 0 0 88 25 88 100 13 25 0 0 0 13 13 0
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1 135 10 39 51 60 28 56 15 0 16 9 86 16
2 105 8 34 58 60 25 65 9 1 12 5 90 10
X 8 100 0 0 81 63 38 0 0 25 25 63 50
1 120 16 27 58 66 39 47 13 1 40 23 89 15
2 104 8 25 67 63 32 55 11 2 42 19 87 7
X 8 100 0 0 75 50 50 0 0 50 25 88 0
1 164 15 39 46 78 61 32 7 1 40 18 87 26
2 129 13 42 45 81 66 30 3 2 46 12 88 16
X 17 100 0 0 80 63 31 6 0 47 12 71 18
1 108 9 26 65 52 17 58 25 0 15 12 86 22
2 94 4 26 70 48 12 56 31 1 10 10 82 22
X 4 100 0 0 38 0 50 50 0 0 25 50 50
1 128 15 32 53 57 26 49 25 0 24 5 91 5
2 108 17 28 56 57 23 60 16 1 26 4 91 4
X 18 100 0 0 56 29 35 35 0 28 6 89 0
1 169 25 30 45 74 52 40 7 1 46 15 89 17
2 133 20 36 44 78 58 39 2 1 54 11 87 8
X 27 100 0 0 92 85 15 0 0 56 19 89 11
1 136 15 33 52 66 38 50 11 1 43 9 92 12
2 109 14 34 52 64 34 57 7 2 43 4 90 5
X 15 100 0 0 75 57 36 0 7 47 0 93 7
1 135 22 29 49 62 32 51 17 0 38 16 84 10
2 108 16 28 56 59 25 65 9 1 36 12 86 6
X 17 100 0 0 71 41 59 0 0 24 18 76 18
1 159 17 40 43 74 54 34 11 0 40 15 80 19
2 128 14 39 47 79 62 32 6 1 42 9 84 15
X 18 100 0 0 89 78 22 0 0 50 11 67 22
1 102 10 25 65 51 20 45 31 3 13 10 79 22
2 89 8 22 70 50 20 46 30 5 11 8 89 18
X 7 100 0 0 71 43 57 0 0 0 0 71 14
Expected effect (%)
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Widespread use of methods to prevent
autoimmune diseases.
Development of influenza vaccine that is
effective for 20-30 years.
Widespread use of methods to prevent cancer
based on genetic diagnosis.
Practical use of the prevention against congenital
anomaly originating in the embryonic or fetal
period.
Practical use of skin protection devices that
prevent bedsores
Widespread use of scientific guidelines for
lifestyles (nutrition, rest and exercise) to prevent
lifestyle-related diseases.
Widespread use of methods to prevent
osteoporosis so that the number of bone fractures
among people in their 80s is half the current
number.
Widespread use of automatic equipment to
identify bacteria and assessing drug sensitivity
within an hour.
Widespread use of early diagnosis methods based
on blood tests for almost all cancers.
Practical use of diagnostic imaging methods for
schizophrenia.
245
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
3 6 27 79 24 0 16 56 30 61 66 8 5 1 1 2 15 16 4
4 6 23 84 19 0 13 62 30 70 77 7 3 0 0 0 15 17 4
13 0 13 100 13 0 0 75 25 63 100 0 13 0 0 0 38 13 13
16 9 25 67 21 1 21 38 51 59 58 9 8 3 1 6 20 8 3
12 8 23 71 18 1 21 39 50 67 63 9 3 1 0 2 27 6 3
13 0 13 88 38 0 0 38 50 75 63 13 0 0 0 0 13 13 0
4 4 31 92 24 1 7 51 47 71 73 13 15 11 1 3 27 51 2
5 1 27 91 22 0 7 59 40 78 76 9 12 10 0 0 26 57 2
6 0 24 82 18 0 6 71 35 82 76 0 12 0 0 0 18 41 0
6 9 18 76 19 0 20 41 21 51 56 4 13 12 2 5 29 69 2
4 3 14 83 17 1 12 51 19 56 64 2 10 10 1 1 26 72 2
25 0 0 100 25 0 0 75 25 75 50 0 0 0 0 0 50 50 0
2 2 38 50 16 0 33 30 49 49 59 19 5 2 1 4 15 8 5
1 0 38 60 11 0 24 37 52 55 71 17 3 0 0 3 20 7 5
6 0 33 56 22 0 17 39 33 56 67 11 6 0 0 0 11 17 0
1 1 46 76 30 0 14 50 41 51 57 9 6 3 4 2 12 14 5
1 0 44 80 26 0 8 59 44 61 65 7 5 0 1 1 11 17 4
0 0 48 78 19 0 4 48 48 74 63 0 0 0 0 0 15 11 0
3 4 45 64 29 0 19 40 49 53 63 12 5 4 1 3 12 12 5
3 3 47 73 21 0 10 42 47 61 66 10 3 1 0 0 17 12 4
0 13 53 87 13 0 7 53 67 73 53 13 0 0 0 0 0 7 7
2 3 33 68 22 0 22 33 61 51 61 23 8 3 2 7 12 8 4
1 0 35 74 18 0 11 37 60 55 69 17 4 0 0 6 13 6 5
6 0 35 59 29 0 12 35 47 47 71 18 6 0 0 6 12 0 6
12 7 36 75 25 0 19 42 52 61 69 21 5 4 1 3 18 26 4
9 3 35 82 22 0 13 44 52 65 76 14 2 2 0 2 17 34 4
6 0 50 94 33 0 0 33 50 72 78 17 0 6 0 0 28 33 11
14 13 24 64 26 0 28 38 37 61 66 10 7 7 2 2 26 46 3
10 6 25 73 27 0 19 51 44 71 72 6 7 3 0 0 25 55 3
0 14 43 86 57 0 0 57 57 86 86 0 0 0 0 0 14 57 14
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1 137 22 37 41 66 39 49 13 0 29 7 88 13
2 109 17 37 47 66 37 55 8 0 24 3 94 6
X 18 100 0 0 86 72 28 0 0 39 0 100 17
1 103 11 26 63 51 16 56 27 1 11 4 87 12
2 88 6 26 68 49 11 62 26 0 8 3 92 9
X 5 100 0 0 70 40 60 0 0 20 20 100 0
1 118 14 18 69 62 34 49 16 1 25 6 89 15
2 101 9 26 65 60 28 57 15 0 20 3 94 12
X 9 100 0 0 94 89 11 0 0 22 0 100 11
1 120 13 24 63 65 37 50 13 0 28 3 93 12
2 93 11 22 68 66 37 52 11 0 25 3 94 9
X 10 100 0 0 90 80 20 0 0 40 10 100 0
1 125 12 27 61 55 22 54 24 0 18 6 85 17
2 101 7 24 69 52 13 68 19 0 12 4 94 11
X 7 100 0 0 39 0 57 43 0 0 0 100 29
1 141 16 30 54 47 14 47 37 1 25 5 84 11
2 113 17 36 47 48 14 51 32 2 27 4 85 10
X 19 100 0 0 56 22 56 22 0 26 5 84 11
1 125 11 30 59 68 41 51 7 1 31 19 86 10
2 99 5 32 63 68 37 61 1 1 32 15 89 8
X 5 100 0 0 88 75 25 0 0 60 40 60 0
1 120 11 28 62 61 29 55 15 0 35 37 84 14
2 98 7 26 67 60 25 64 11 0 32 37 88 8
X 7 100 0 0 79 57 43 0 0 43 57 71 0
1 109 9 28 63 63 35 50 14 1 32 23 81 10
2 89 4 28 67 62 30 59 11 0 35 21 85 8
X 4 100 0 0 56 25 50 25 0 50 0 100 0
1 105 8 33 59 69 40 55 5 0 29 12 92 9
2 93 6 27 67 66 36 58 7 0 32 13 95 9
X 6 100 0 0 75 50 50 0 0 50 50 100 33
Expected effect (%)
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25
Widespread use of non-invasive diagnosing
methods to determine the level and extent of
arteriosclerosis.
Establishment of a diagnosing method for kidney
diseases that can assist in the selection of
treatment without renal biopsy.
Development of a gastrointestinal tract
examination device using micromachines.
Practical use of a non-invasive technique to
obtain blood-sugar levels using body surface
sensors.
Widespread use of a method for early diagnosis
of rejection in organ and tissue transplantation.
Practical use of devices for automatic diagnosis
of plain chest radiographs
Widespread use of drugs to cure viral liver
disease.
Practical use of treatment methods capable of
completely curing HIV infection.
Widespread use of a method to eliminate viruses
from blood.
Development of treatment methods capable of
completely curing allergies such as atopic
dermatitis.
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1 4 40 78 15 0 15 42 49 58 73 12 6 1 1 1 11 15 5
1 4 43 85 13 0 11 49 53 65 81 8 6 1 0 0 13 18 4
0 0 78 100 17 0 0 56 61 78 78 17 11 0 0 0 17 11 0
6 17 29 52 24 0 34 37 34 53 63 9 4 1 1 1 11 12 3
3 13 28 61 18 0 28 36 35 55 66 5 2 0 0 0 9 11 5
0 0 60 80 20 0 0 80 20 60 80 0 0 0 0 0 0 0 0
2 8 60 53 17 0 14 37 61 59 65 20 4 2 1 1 16 12 3
1 5 68 66 11 0 8 38 63 64 81 17 3 1 0 0 24 10 4
0 11 67 44 0 0 11 67 67 78 78 33 11 0 0 0 0 0 11
2 4 43 68 20 0 25 28 60 49 57 20 5 2 1 2 11 11 3
1 1 43 76 14 0 17 30 72 55 72 14 2 0 0 0 16 10 4
0 0 60 80 20 0 10 50 50 80 70 20 0 0 0 0 10 0 0
2 7 22 81 27 0 15 41 36 65 70 10 5 1 1 2 9 17 3
2 5 27 88 27 0 8 48 41 62 77 8 4 1 0 0 13 21 4
0 0 29 86 43 0 0 29 29 71 86 0 14 0 0 0 14 14 0
5 4 52 59 18 0 23 30 57 48 52 16 7 1 1 1 11 14 4
5 3 63 62 12 0 19 32 64 50 58 16 4 0 0 0 13 13 4
16 0 84 84 11 0 11 37 58 53 58 26 5 0 0 0 16 5 0
4 5 47 66 27 0 20 40 55 60 71 13 3 2 1 1 11 8 3
3 5 45 77 18 0 14 42 63 58 75 10 2 0 0 0 18 5 4
0 0 100 100 60 0 0 40 80 60 60 0 0 0 0 0 0 20 0
6 7 13 90 24 0 8 46 54 60 68 15 6 3 1 1 15 20 3
4 5 10 92 20 0 4 53 59 63 76 10 4 1 0 0 18 26 4
14 0 0 100 0 0 0 71 57 29 71 14 29 0 0 0 0 43 0
7 16 24 61 20 0 30 42 50 62 64 15 5 3 1 6 13 10 3
3 12 21 69 20 0 21 40 54 61 74 8 2 0 0 2 19 8 6
0 25 50 50 25 0 0 50 75 50 75 0 25 0 0 0 0 25 0
7 7 37 66 19 1 27 52 51 62 72 11 3 2 1 5 10 10 4
3 5 34 74 15 0 14 58 53 68 78 9 3 0 0 2 15 9 4
0 0 67 83 33 0 0 67 83 100 83 17 0 0 0 0 17 33 0
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1 127 10 28 61 61 30 53 17 0 22 8 89 15
2 102 9 27 64 60 24 67 9 0 18 5 94 10
X 9 100 0 0 72 44 56 0 0 22 22 78 33
1 113 10 27 63 68 41 49 10 0 35 7 88 12
2 94 7 18 74 66 36 58 7 0 38 6 91 6
X 7 100 0 0 86 71 29 0 0 29 14 100 14
1 120 10 24 66 63 32 53 14 0 32 7 91 13
2 99 6 23 71 62 28 65 7 0 31 6 90 8
X 6 100 0 0 63 33 50 17 0 17 0 100 17
1 113 8 33 59 52 20 48 32 0 24 3 88 13
2 94 6 26 68 49 13 57 30 0 18 3 89 7
X 6 100 0 0 46 0 83 17 0 0 0 100 17
1 93 14 27 59 45 12 44 44 0 18 17 78 16
2 83 5 27 69 43 10 43 47 0 10 18 84 11
X 4 100 0 0 75 50 50 0 0 50 25 75 25
1 127 16 31 53 68 41 50 9 0 39 16 85 15
2 103 13 26 61 63 27 68 5 0 37 11 92 9
X 13 100 0 0 67 38 54 8 0 69 8 85 8
1 103 9 32 59 49 17 45 38 0 23 39 76 8
2 87 3 26 70 45 9 53 37 0 25 32 84 8
X 3 100 0 0 42 0 67 33 0 33 33 100 33
1 149 17 32 51 77 57 36 5 1 37 18 89 13
2 126 13 29 58 78 59 35 6 0 39 13 95 7
X 17 100 0 0 87 76 18 6 0 59 24 100 18
1 116 11 27 62 68 42 46 12 0 31 7 90 9
2 102 9 25 66 64 34 56 10 0 28 4 92 7
X 9 100 0 0 78 56 44 0 0 56 0 100 11
1 127 7 39 54 64 34 53 13 0 24 12 83 13
2 108 6 32 61 62 27 65 7 0 23 7 87 8
X 7 100 0 0 71 43 57 0 0 29 14 86 29
Expected effect (%)
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33
34
31
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35
36
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Possible to cure autoimmune diseases.
Widespread use of an oral insulin treatment
method.
Development of gene therapy for diabetes.
Widespread use of gene therapy for familial
hypercholesterolemia.
Development of treatment methods for prion
diseases.
Development of anticancer drugs and
immunosuppressive drugs that do not impede the
host’s defenses against infection, leading to a
drastic reduction in iatrogenic opportunistic
infection.
Polio and measles viruses are suppressed like the
smallpox virus so that vaccination is no longer
necessary.
Improvement in the average five-year survival
rate for all types of cancer to more than 70% .
Practical use of medicinal therapy that brings
complete remission to gastrointestinal cancers
with low drug-responsiveness.
Widespread use of a method to overcome the
drug resistance of cancer.
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10 17 31 76 27 0 20 51 35 64 71 8 5 2 1 2 8 14 3
7 12 27 83 25 0 11 57 39 72 81 5 3 0 0 2 7 15 4
0 0 44 100 33 0 0 56 67 67 78 0 11 0 0 0 0 11 11
6 7 35 78 24 1 17 38 57 58 65 14 8 3 1 1 12 12 3
3 6 29 82 22 1 13 38 59 62 76 13 4 0 0 0 12 14 4
14 0 29 86 43 0 0 57 57 57 57 29 29 0 0 0 0 0 0
6 9 26 78 21 1 15 44 46 61 67 14 10 9 1 3 16 19 3
1 4 25 86 14 1 11 47 48 67 76 13 8 4 0 1 18 26 4
0 0 17 100 0 0 0 50 50 83 67 17 0 0 0 0 17 50 0
4 8 21 78 15 0 14 42 47 59 67 14 9 8 1 1 18 19 3
0 6 19 81 13 0 13 46 48 64 71 7 3 3 0 0 16 24 4
0 0 0 100 0 0 0 33 50 67 67 0 0 0 0 0 17 33 0
5 14 13 73 42 0 14 44 32 69 72 8 1 4 1 5 17 16 4
0 8 10 73 41 0 8 48 30 73 73 4 1 2 0 2 19 17 5
0 25 0 100 25 0 0 100 75 100 75 0 0 0 0 0 50 50 25
6 18 31 75 29 0 18 46 56 64 71 15 6 2 1 6 10 7 3
4 9 25 85 24 0 9 50 58 66 76 10 5 0 0 3 12 4 4
8 8 15 92 8 0 8 46 54 77 69 0 8 0 0 8 0 8 0
10 9 25 68 27 0 20 41 39 49 58 7 6 6 3 7 17 12 4
8 3 22 76 24 0 13 49 44 64 69 2 5 1 2 3 20 10 5
0 0 0 67 0 0 0 67 67 33 33 0 0 0 0 0 0 0 0
13 8 52 86 35 0 9 58 48 67 76 9 7 3 1 1 11 12 3
9 6 52 88 25 0 6 60 51 69 80 6 6 1 0 0 13 16 3
6 0 71 88 41 0 0 59 53 82 82 0 24 0 0 0 6 0 0
16 10 41 72 25 0 22 46 54 60 65 9 3 3 1 3 9 11 3
7 5 41 80 22 0 14 51 59 69 73 6 3 0 0 1 9 13 4
0 0 100 89 56 0 0 56 78 89 100 0 22 0 0 0 0 0 0
7 12 39 77 28 0 18 45 53 56 71 15 6 2 1 1 10 9 4
5 6 35 85 20 0 12 47 53 66 76 12 6 0 0 0 16 9 4
0 0 57 86 14 0 14 71 86 86 86 14 29 0 0 0 0 0 0
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1 113 16 21 63 55 21 59 20 1 26 4 86 12
2 104 16 16 67 52 15 65 19 1 20 3 87 13
X 17 100 0 0 59 24 65 12 0 24 0 100 12
1 132 11 27 62 70 43 51 6 0 29 10 89 14
2 112 11 29 61 71 42 56 2 0 28 8 92 13
X 12 100 0 0 75 50 50 0 0 8 0 100 17
1 139 10 29 61 67 40 47 13 0 27 9 85 16
2 112 9 33 58 65 32 61 6 0 26 4 89 12
X 10 100 0 0 70 40 60 0 0 40 0 90 10
1 136 7 35 57 66 38 48 14 0 25 10 85 16
2 111 8 33 59 64 33 57 10 0 25 6 91 14
X 9 100 0 0 67 33 67 0 0 44 0 89 22
1 114 11 26 63 62 33 50 18 0 22 7 82 20
2 85 9 26 65 60 28 55 17 0 15 2 87 14
X 8 100 0 0 81 63 38 0 0 25 13 100 25
1 115 16 29 56 74 49 48 3 0 44 18 84 20
2 87 15 22 63 70 44 48 8 0 46 15 91 14
X 13 100 0 0 92 85 15 0 0 69 31 92 15
1 86 5 21 74 63 33 51 15 0 29 12 86 17
2 72 3 17 81 59 24 65 11 0 31 10 89 15
X 2 100 0 0 100 100 0 0 0 100 0 50 0
1 128 5 27 68 63 34 52 14 0 24 5 91 8
2 106 5 25 71 57 19 71 10 0 25 2 92 8
X 5 100 0 0 70 40 60 0 0 20 0 100 0
1 97 18 14 68 54 24 44 31 1 16 7 88 15
2 77 13 16 71 50 14 58 28 0 13 3 91 12
X 10 100 0 0 68 40 50 10 0 20 0 90 20
1 94 19 20 61 53 22 48 30 0 16 5 87 16
2 76 17 16 67 51 16 57 27 0 13 4 91 12
X 13 100 0 0 63 31 62 8 0 31 0 92 8
Expected effect (%)
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Development of radiosensitizers effective in
cancer treatment.
Practical use of effective methods against cancer
metastasis.
Widespread use of immunotherapy effective
against cancer.
Widespread use of gene therapy for cancer.
Development of a technique to deliver drug to
targeted sites in the brain.
Widespread use of treatment methods capable of
completely curing Alzheimer’s disease.
Development of a cure method for schizophrenia.
Widespread use of a safe pain control method
without adverse effects.
Widespread use of gene therapy for muscular
dystrophy.
Development of effective treatment for
amyotrophic lateral sclerosis.
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4 12 33 76 28 0 19 34 56 58 66 13 6 1 1 2 10 8 3
0 9 36 82 23 0 13 37 60 61 69 9 7 0 0 3 13 5 4
0 6 65 88 35 0 6 41 71 88 71 12 12 0 0 0 6 0 0
2 10 39 83 34 0 11 43 51 64 70 11 5 1 1 1 8 9 3
1 4 45 92 34 0 4 50 59 72 80 5 4 0 0 0 8 11 4
0 0 50 92 42 0 0 42 58 83 92 8 0 0 0 0 0 0 0
6 8 40 81 32 0 14 45 45 63 68 13 6 2 1 1 9 11 3
3 4 49 88 33 0 6 52 54 71 79 8 4 1 0 1 9 8 4
0 0 70 90 20 0 0 70 50 90 70 0 0 10 0 0 0 0 0
9 5 24 90 25 0 6 49 51 63 73 20 16 6 1 3 11 19 2
5 4 23 93 24 0 3 54 59 69 80 15 15 5 0 2 11 26 3
0 0 22 100 0 0 0 89 89 78 89 67 33 0 0 0 0 33 0
4 11 29 77 30 0 17 44 53 64 62 7 3 2 0 1 11 18 2
1 11 25 78 32 0 16 46 55 74 68 6 5 1 0 0 14 20 4
0 13 25 100 38 0 0 63 63 88 75 0 0 0 0 0 13 25 13
13 11 26 82 24 1 10 45 53 68 70 10 5 3 1 1 14 23 3
10 9 23 91 25 0 5 51 60 69 77 9 5 1 0 0 14 26 5
15 15 8 100 8 0 0 69 69 100 85 0 0 0 0 0 23 23 8
19 19 26 62 31 0 28 45 45 65 53 9 3 3 1 1 13 23 2
18 13 21 79 38 0 17 53 50 68 71 13 3 3 0 0 15 26 4
0 50 0 100 0 0 0 100 50 100 100 0 0 0 0 0 50 50 0
9 10 29 70 27 1 27 33 48 57 57 10 5 5 1 1 12 8 4
7 7 26 77 23 0 20 36 54 66 71 8 5 1 0 0 17 7 4
20 0 60 100 40 0 0 20 60 80 80 0 0 0 0 0 0 20 20
3 11 28 78 26 0 14 41 42 71 67 12 11 2 1 2 13 27 3
3 6 23 79 21 1 10 44 45 77 71 8 8 1 0 1 16 31 4
0 0 20 90 20 0 0 50 50 80 50 0 0 0 0 0 30 30 10
5 18 20 72 27 0 20 41 35 70 68 7 6 1 1 2 13 13 5
1 11 17 80 21 0 13 45 39 76 78 3 5 0 0 1 11 21 4
0 8 8 92 8 0 8 69 38 92 85 0 0 0 0 0 23 15 15
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1 78 12 33 55 51 17 53 29 1 23 6 87 10
2 67 3 30 67 49 12 62 25 2 15 4 90 10
X 2 100 0 0 0 0 0 0 100 0 0 50 0
1 81 17 32 51 49 13 60 28 0 17 5 85 14
2 71 14 25 61 46 7 63 30 0 10 1 92 8
X 10 100 0 0 68 40 50 10 0 20 0 90 10
1 98 15 28 57 67 42 44 15 0 33 7 89 18
2 85 12 21 67 65 35 57 8 0 29 7 89 15
X 10 100 0 0 78 56 44 0 0 30 0 70 20
1 58 5 19 76 50 18 46 36 0 14 2 84 17
2 57 0 12 88 45 7 57 36 0 9 2 88 14
X 0 0 0 0 0 0 0 0 0 0 0 0 0
1 104 13 33 54 68 40 53 6 1 33 11 88 15
2 86 8 21 71 66 34 62 4 0 36 7 91 14
X 7 100 0 0 79 57 43 0 0 29 0 100 0
1 100 13 31 56 59 29 51 21 0 27 13 87 7
2 84 11 27 62 55 16 71 13 0 23 7 93 8
X 9 100 0 0 56 25 50 25 0 22 11 89 11
1 104 13 25 63 58 26 54 20 0 30 18 91 13
2 84 10 24 67 56 19 65 16 0 33 14 90 6
X 8 100 0 0 69 38 63 0 0 38 13 88 0
1 87 9 25 66 62 34 45 21 0 34 6 90 11
2 71 4 17 79 56 19 67 14 0 31 4 93 7
X 3 100 0 0 83 67 33 0 0 33 0 100 0
1 80 9 23 69 58 28 49 23 0 29 6 89 10
2 70 3 17 80 51 13 65 22 0 26 7 91 7
X 2 100 0 0 75 50 50 0 0 0 0 100 0
1 88 14 26 60 65 37 48 15 0 38 13 88 10
2 75 9 24 67 58 23 65 12 0 32 5 93 7
X 7 100 0 0 71 43 57 0 0 43 14 86 0
Expected effect (%)
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53
51
55
56
54
57
58
59
60
Im
pr
ov
em
en
t o
f s
ta
nd
ar
d 
of
 tr
ea
tm
en
t m
et
ho
ds
Practical use of artificial muscles for limbs.
Development of treatment methods effective
against cerebellar ataxia.
Practical use of a treatment method that promotes
recovery from motor paralysis through nerve stem
cell transplantation.
Completion of a causal classification of ADHD
(attention deficit hyperactivity disorder), and
establishment of a drug treatment for individual
afflictions.
Development of a cell therapy method for
myocardial infarction.
Widespread use of functional blood purifiers that
selectively remove specified components from
blood.
Widespread use of artificial hemoglobin as a red
blood cell substitute.
Development of fully implanted artificial hearts.
Practical use of fully implanted artificial lungs.
Practical use of fully implanted artificial kidneys.
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8 19 22 65 18 0 31 40 49 64 49 13 8 1 1 5 14 13 4
4 7 16 73 12 0 21 37 48 66 61 7 4 0 0 1 22 16 4
50 0 50 50 50 0 0 0 0 50 50 0 0 0 0 0 0 50 0
5 17 27 65 26 0 27 47 40 68 64 11 6 1 1 2 9 11 4
1 13 25 79 25 0 17 54 45 75 75 4 6 0 0 1 14 14 4
0 10 60 80 20 0 10 70 80 90 70 10 0 0 0 0 10 10 10
5 10 27 74 21 0 20 52 45 68 68 14 9 2 1 2 12 15 4
2 6 26 82 20 0 9 54 42 82 76 8 8 0 0 1 16 18 4
10 10 40 60 30 0 10 50 50 70 60 0 0 0 0 0 0 0 10
5 17 16 62 17 0 34 43 36 64 52 3 3 2 2 2 17 19 3
4 9 14 74 18 0 21 47 33 74 68 4 4 2 0 0 18 28 5
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 8 31 81 18 0 16 43 46 63 75 14 6 0 1 2 10 12 2
1 3 31 88 15 0 7 49 51 70 86 7 3 0 0 1 16 10 5
0 0 57 86 14 0 0 14 57 57 86 0 0 0 0 14 14 0 0
3 4 46 69 21 0 18 41 58 61 63 19 5 1 1 1 13 8 4
2 4 46 80 17 0 11 40 58 67 79 17 5 0 0 0 20 5 5
0 0 67 78 11 0 0 44 78 89 44 11 0 0 0 0 0 0 0
5 10 33 63 21 0 25 36 58 61 63 22 9 2 1 4 13 8 4
5 6 33 79 12 0 15 33 55 73 79 15 6 0 0 0 24 6 5
0 0 63 100 13 0 0 38 63 88 63 25 0 0 0 0 25 0 0
5 2 34 85 17 0 11 39 69 63 63 23 8 0 1 5 18 21 3
4 0 35 89 17 0 6 45 68 73 76 17 10 1 0 1 21 17 4
0 0 67 100 0 0 0 33 33 33 100 33 0 0 0 0 0 33 0
24 6 24 75 20 0 21 38 65 70 60 19 4 0 1 3 15 21 3
13 4 26 84 21 0 11 41 61 79 74 13 7 1 0 1 19 20 4
0 0 50 100 0 0 0 100 50 50 100 0 0 0 0 0 0 0 0
15 10 34 64 17 0 24 38 66 61 61 19 7 0 1 2 14 18 2
8 9 39 76 15 0 15 44 65 71 76 16 9 1 0 0 20 13 4
0 0 71 71 14 0 0 71 71 71 57 29 43 14 0 0 29 0 0
Potential problemsMeasures the government should adopt
D
ev
el
op
  r
es
ea
rc
h 
an
d 
de
ve
lo
pm
en
t
in
fr
as
tru
ct
ur
e
R
ei
nf
or
ce
 c
oo
pe
ra
tio
n 
am
on
g
se
ct
or
s a
nd
 fi
el
ds
Fo
ste
r h
um
an
 re
so
ur
ce
s
O
th
er
s
R
ei
nf
or
ce
 o
r e
st
ab
lis
h 
re
la
te
d
re
gu
la
tio
ns
R
el
ax
 o
r a
bo
lis
h 
re
la
te
d 
re
gu
la
tio
ns
D
ev
el
op
 e
nv
iro
nm
en
t f
or
 b
us
in
es
s
st
ar
tu
ps
In
cr
ea
se
 g
ov
er
nm
en
t r
es
ea
rc
h
fu
nd
in
g
O
th
er
 a
dv
er
se
 e
ff
ec
ts
A
dv
er
se
 e
ff
ec
t o
n 
m
or
al
s, 
cu
ltu
re
 o
r
so
ci
et
y
A
dv
er
se
 e
ff
ec
t o
n 
sa
fe
ty
A
dv
er
se
 e
ff
ec
t o
n 
th
e 
na
tu
ra
l
en
vi
ro
nm
en
t
Leading countries (%)Forecasted realization time
Ja
pa
n
D
o 
no
t k
no
w
O
th
er
 c
ou
nt
rie
s
EUU
SA
20312016 2021 202620112006
254
H
ig
h
M
ed
iu
m
Lo
w
In
de
x
H
ig
h
M
ed
iu
m
Lo
w
U
nn
ec
es
sa
ry
1 108 17 29 55 61 31 51 17 1 29 5 91 17
2 84 12 24 64 59 25 61 13 0 21 4 92 15
X 10 100 0 0 85 70 30 0 0 30 0 80 20
1 107 16 27 57 62 30 58 11 0 27 7 92 16
2 84 12 25 63 57 18 73 9 0 24 4 92 13
X 10 100 0 0 69 44 44 11 0 20 0 90 10
1 84 14 19 67 55 22 55 23 0 21 5 93 12
2 73 8 12 79 52 17 58 25 0 19 3 95 7
X 6 100 0 0 58 17 83 0 0 0 0 100 0
1 78 12 23 65 59 28 51 21 0 17 4 91 8
2 68 4 24 72 53 16 61 22 0 10 0 94 7
X 3 100 0 0 67 33 67 0 0 67 0 100 0
1 75 13 27 60 57 21 64 15 0 16 4 87 13
2 65 8 20 72 53 16 65 19 0 12 2 92 9
X 5 100 0 0 65 40 40 20 0 40 0 100 0
1 86 6 27 67 65 34 56 10 0 33 9 91 8
2 73 4 16 79 64 32 58 10 0 29 8 88 7
X 3 100 0 0 100 100 0 0 0 33 0 67 33
1 99 10 29 61 63 32 55 13 0 24 10 87 13
2 86 6 19 76 60 24 69 7 0 14 7 92 16
X 5 100 0 0 80 60 40 0 0 40 20 80 40
1 83 12 20 67 54 21 53 26 0 18 4 89 8
2 72 7 15 78 49 11 62 27 0 8 1 94 8
X 5 100 0 0 80 60 40 0 0 0 0 80 20
1 120 13 26 62 58 26 53 20 1 18 6 88 28
2 99 9 20 71 53 17 59 22 1 9 4 89 19
X 9 100 0 0 67 33 67 0 0 11 0 67 22
1 97 12 27 61 53 22 54 20 4 21 6 84 22
2 83 6 23 71 49 14 60 22 4 14 2 87 17
X 5 100 0 0 45 20 40 20 20 20 20 60 60
Expected effect (%)
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63
64
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Widespread use of an intravascular treatment for
embolism using micromachines.
Practical use of gene therapy for arteriosclerosis.
Practical use of fully implanted artificial
pancreas.
Development of artificial liver (external devices
supporting liver functions) usable on a long-term,
continuous basis.
Development of hybrid-type artificial endocrine
organs in which living cells and artificial objects
coexist.
Widespread use of prevention and treatment
methods for tooth decay and periodontitis to
ensure the retention of 20 or more teeth at 80
years of age.
Widespread use of a technique to store, cultivate
and transplant one's own tissues.
Practical use of implanted bladder control
devices.
Practical use of gene therapy for genetic
disorders.
Practical use of heterogeneous organ
transplantation as means of treatment.
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1 6 42 75 19 0 14 44 61 65 64 20 5 0 1 1 13 11 5
1 2 54 87 15 0 5 52 68 63 68 19 4 0 0 1 19 8 5
0 0 90 90 30 0 0 40 60 40 60 20 0 0 0 0 10 0 10
2 11 25 84 14 0 12 48 49 61 64 20 9 1 1 1 12 17 4
0 6 27 90 13 0 7 50 60 67 76 18 5 1 0 0 15 17 5
0 0 40 100 30 0 0 10 80 60 80 30 0 0 0 0 20 10 0
11 13 31 70 15 1 18 38 61 55 61 12 6 0 1 1 12 15 4
8 3 29 85 14 0 11 41 64 55 73 10 10 0 0 0 14 16 5
0 0 33 100 17 0 0 67 67 33 67 17 17 0 0 0 33 17 0
10 9 28 69 15 0 19 32 60 56 55 13 4 0 1 1 14 14 4
9 1 32 84 12 0 10 32 66 63 75 12 4 0 0 0 22 16 6
0 0 100 67 0 0 0 67 67 67 100 0 0 0 0 0 33 0 0
7 15 25 72 16 0 24 33 59 60 60 15 11 1 1 1 12 16 4
5 5 26 82 12 0 14 35 62 65 74 9 9 0 0 0 15 17 6
0 0 80 100 20 0 0 60 60 80 80 0 0 0 0 0 40 0 0
2 5 41 60 30 0 21 43 48 49 50 8 6 3 3 2 7 9 5
3 0 38 66 29 0 16 49 55 56 59 4 4 0 0 0 8 8 4
0 0 100 33 0 0 0 67 33 33 33 0 0 0 0 0 0 0 0
0 6 28 81 29 0 16 39 55 64 72 15 18 4 1 2 12 19 4
0 1 29 88 23 0 9 41 56 66 74 14 16 5 0 0 9 24 5
0 0 60 100 40 0 0 60 60 80 100 20 40 0 0 0 0 40 0
7 14 14 58 18 0 33 34 59 58 60 18 10 1 1 4 16 11 4
4 8 17 76 14 0 21 42 57 61 69 13 10 0 0 1 21 8 4
0 0 20 100 40 0 0 60 60 80 40 20 20 0 0 0 20 0 0
2 7 23 89 27 0 7 52 43 65 74 17 15 10 1 2 19 29 3
0 1 21 92 21 0 4 53 46 68 79 17 13 9 0 0 16 40 4
0 0 22 100 11 0 0 89 56 67 100 22 0 0 0 0 22 33 0
8 14 21 78 25 0 14 48 43 62 57 13 19 14 2 5 24 47 3
6 12 19 80 19 0 11 49 47 65 64 8 19 10 0 5 27 53 4
20 0 0 80 20 0 0 80 60 100 40 0 20 20 0 20 60 60 0
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1 106 8 27 65 63 35 47 17 1 27 31 83 12
2 84 2 21 76 59 27 58 16 0 24 31 88 10
X 2 100 0 0 75 50 50 0 0 0 100 50 50
1 102 11 34 55 59 26 60 13 1 38 23 62 24
2 92 8 24 68 57 21 67 11 1 40 23 71 22
X 7 100 0 0 75 57 29 14 0 71 14 57 14
1 114 11 21 68 71 47 45 8 0 37 18 87 26
2 93 6 20 73 71 46 46 8 0 39 16 82 25
X 6 100 0 0 92 83 17 0 0 67 17 83 17
1 152 13 35 53 72 47 45 8 0 34 14 92 10
2 122 16 30 55 72 46 50 4 0 28 10 91 11
X 19 100 0 0 82 68 21 11 0 47 11 89 16
1 64 6 19 75 55 21 59 21 0 23 2 92 13
2 59 3 10 86 52 14 66 21 0 17 2 86 8
X 2 100 0 0 75 50 50 0 0 0 0 100 0
1 57 11 21 68 53 16 62 22 0 23 2 86 19
2 55 4 16 80 51 13 67 20 0 15 2 85 15
X 2 100 0 0 100 100 0 0 0 50 0 50 0
1 81 11 21 68 55 19 64 18 0 17 4 93 14
2 74 8 18 74 50 11 66 23 0 8 7 88 11
X 6 100 0 0 71 50 33 17 0 0 0 100 0
1 78 10 33 56 51 17 55 26 1 17 3 90 12
2 73 8 26 66 49 11 64 24 1 12 3 88 11
X 6 100 0 0 75 50 50 0 0 17 0 67 17
1 80 15 26 59 51 15 58 27 0 21 5 91 11
2 76 8 22 70 48 8 67 25 0 14 3 89 11
X 6 100 0 0 54 17 67 17 0 0 0 100 17
1 80 15 25 60 49 15 51 33 0 19 4 91 13
2 73 10 21 70 47 10 60 31 0 12 5 89 12
X 7 100 0 0 57 29 43 29 0 14 0 100 0
Expected effect (%)
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71
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Widespread use of a system for providing organs
throughout the world as a result of advances in
organ preservation technology.
Practical use of a drug safety verification method
(mutagenicity, teratogenicity and toxicity)
without relying on animal tests.
Widespread use of regenerative treatment
technology for damaged organs using embryonic
stem cells.
Widespread use of palliative care in the final
stage of life of elderly people.
Practical use of implanted artificial cochleae
effective for perceptive hearing loss.
Development of artificial eyes featuring
electronic circuitry that can be connected to nerve
and brain cells.
Widespread use of small, light artificial
respiratory organs with a self-adjusting function
according to levels of blood gas concentration.
Development of implanted devices to assist
swallowing.
Practical use of controlling devices which help
the cooperative muscular actions enabling
intended movement.
Widespread use of artificial legs featuring a small
power source and computer control.
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12 5 22 85 38 1 8 43 46 55 42 9 29 15 2 3 16 46 4
10 2 24 90 44 0 5 50 50 58 58 7 29 10 0 0 21 54 2
0 50 0 100 50 0 0 0 50 100 0 0 50 0 0 0 0 50 0
16 13 21 67 26 0 25 41 51 60 53 12 12 4 1 7 17 14 5
8 9 21 77 26 0 15 42 51 67 65 11 11 4 0 4 17 15 3
0 0 43 71 57 0 14 43 43 43 43 14 14 14 0 0 29 0 0
3 7 24 85 25 0 11 49 56 78 68 22 18 9 2 4 16 42 4
2 8 20 91 20 0 5 55 58 77 76 18 19 8 0 1 17 53 2
0 17 67 100 33 0 0 67 83 100 67 33 50 0 0 17 67 67 0
1 2 34 71 55 0 12 55 35 36 35 11 28 11 2 1 13 33 4
0 2 32 84 57 0 7 70 39 43 47 12 29 7 1 0 15 37 2
0 11 32 79 47 0 11 74 42 42 37 5 21 5 0 0 5 32 0
0 8 34 63 28 3 22 36 64 61 55 17 5 0 2 2 14 8 3
0 5 25 80 25 0 12 42 59 64 68 17 2 0 0 0 22 10 3
0 0 0 100 50 0 0 100 0 50 50 0 0 0 0 0 0 0 0
16 11 23 65 12 0 28 40 51 63 58 12 4 0 2 2 9 9 4
11 5 24 75 15 0 20 49 56 71 78 13 4 0 0 0 11 9 4
0 0 50 100 0 0 0 50 50 0 100 0 0 0 0 0 0 0 0
2 9 27 75 19 0 21 30 63 58 63 14 5 0 1 2 15 9 5
1 3 26 81 16 0 12 34 64 64 76 15 4 0 0 1 20 7 4
0 0 0 67 17 0 17 50 67 33 67 33 0 0 0 0 0 17 17
5 15 24 59 19 0 32 45 62 67 63 13 9 0 1 3 14 10 4
4 8 29 77 15 0 19 49 56 74 70 12 4 0 0 1 23 11 3
17 0 33 50 17 0 33 67 67 50 50 17 17 0 0 0 17 0 17
9 14 36 76 28 0 18 41 66 63 68 21 4 0 1 1 13 8 4
5 8 37 86 26 0 11 46 62 72 76 18 5 0 0 1 21 7 3
0 0 33 83 50 0 17 33 50 83 67 17 17 0 0 0 17 0 17
3 9 49 74 30 0 14 38 60 58 66 23 8 1 3 1 15 6 4
1 4 47 86 22 0 7 47 55 63 74 23 4 0 1 1 23 5 3
0 0 43 86 57 0 0 57 43 57 86 29 14 0 0 0 14 14 14
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1 92 26 18 55 71 47 44 9 0 48 67 63 20
2 83 16 14 70 70 43 51 6 0 47 73 69 18
X 13 100 0 0 88 77 23 0 0 62 77 77 31
1 90 14 24 61 61 28 60 12 0 38 17 86 19
2 80 8 21 71 58 19 73 8 0 35 14 84 14
X 6 100 0 0 58 17 83 0 0 50 0 50 50
1 139 12 27 62 66 38 52 10 0 43 8 91 14
2 114 6 28 66 65 33 62 5 0 53 7 92 10
X 7 100 0 0 100 100 0 0 0 86 14 100 14
1 74 5 32 62 55 25 48 27 0 22 3 92 11
2 73 4 27 68 53 18 58 24 0 21 4 92 7
X 3 100 0 0 100 100 0 0 0 33 0 100 0
1 98 8 23 68 63 34 50 16 0 41 6 89 15
2 88 5 23 73 61 27 64 9 0 39 5 91 8
X 4 100 0 0 88 75 25 0 0 50 0 100 0
1 161 16 24 61 70 43 51 6 1 49 7 86 11
2 129 12 22 67 69 40 57 3 0 53 6 85 9
X 15 100 0 0 80 60 40 0 0 60 13 93 20
1 90 16 22 62 61 33 44 23 0 24 13 64 58
2 84 11 17 73 55 24 49 27 0 17 12 74 56
X 9 100 0 0 72 44 56 0 0 33 11 78 78
1 61 11 20 69 55 24 53 20 3 38 5 67 49
2 59 3 17 80 52 17 57 26 0 27 3 73 44
X 2 100 0 0 75 50 50 0 0 0 0 0 100
1 121 16 26 58 73 52 38 8 2 40 22 74 50
2 108 11 21 68 75 55 36 9 0 38 19 76 50
X 12 100 0 0 79 58 42 0 0 50 17 92 58
1 67 18 4 78 42 14 33 48 5 24 34 42 48
2 63 6 10 84 37 6 27 66 0 16 29 48 57
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Early elucidation of the appearance of unknown
virulent pathogens through a global surveillance
system to prevent their world-wide spread.
Practical use of a blood cell production and
supply technique based on industrial-scale
cultivation.
Widespread use of a system in which people can
check their health and receive the appropriate
diagnosis of any abnormality while at home.
Widespread use of portable speech assistance
devices for people with a speech disability.
Widespread use of robots that care for people
with severe physical and mental disabilities.
Widespread use of a system in which all medical
data of an individual, such as test results, medical
history, and prescribed medications, are stored on
a single card.
Elucidation of molecular mechanism of memory.
Development of hybrid-type artificial intelligence
that combines ICs and living cells.
Elucidation of individual aging mechanisms.
Elucidation of the mechanism whereby living
organisms undergo changes in the space
environment.
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1 109 13 21 66 56 31 35 28 6 37 12 79 40
2 95 8 22 69 53 26 41 29 4 34 11 81 40
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1 110 19 25 55 67 39 52 7 1 37 31 83 18
2 96 11 23 66 66 36 57 7 0 35 26 86 15
X 11 100 0 0 86 73 27 0 0 45 36 82 18
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into account biorhythms.
Practical application of the production of artificial
cells with organ characteristics.
Inhibiting the aging process becomes possible
through gene manipulation.
Development of antibacterial drugs that do not
create resistant strains.
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6. Survey results in “Agriculture, forestry, fisheries and food”
6.1. Trends in noteworthy domains
The agriculture, forestry, fisheries and food field has achieved dramatic productivity improvements
over the last century, supporting up to 6 billion people worldwide today. These improvements were
brought about by selective breeding, which began with the discovery of Mendel’s law of inheritance, and
the mechanization of agriculture and intensive use of chemical resources (chemical fertilizers, pesticides,
etc.), which resulted from advances in the modern machinery and chemical industries.
On the downside, however, such rapid progress has had a major impact on the global environment
and the preservation of biological resources. As a result, the agriculture, forestry, fisheries and food field is
faced with an urgent need to address some of their practices, including the excessive use of chemical
fertilizers and pesticides, which gives rise to the pollution of groundwater, lakes and oceans, methane
emissions from paddy fields and ruminant livestock, which contribute to global warming.
This situation seems to be reflected in the fact that of all the objectives specified in this field,
“management and evaluation of the environment/biological resources”, which encompasses quite a few
topics relating to environmental restoration technology or multifaceted functions of agriculture, forestry
and fisheries, was rated far more important than other objectives, such as “breeding and development of
biological functions”, receiving an average degree of importance index score of 72.4. Since the publication
of “Our Stolen Future” by T. Colburn, public interest in endocrine disrupting substances has risen, and this
has given rise to an urgent need to tackle the problem in the agriculture, forestry, fisheries and food field
as well. In the latest survey, the importance of topics relating to “endocrine disrupting substances” was
rated particularly high.
In the face of an explosive growth of the world population, which is expected to reach the 8 billion
mark by 2025, there is a high interest in gene recombination technology as a tool to develop super high-
yield varieties. Scoring 89 in terms of the degree of importance index, Topic 01 was rated most important.
Topic 62, which relates to consumer reaction to genetically modified crops, also received a high degree of
importance index score (87).
Against a background of an aging of the population, public interest in healthy and safer food has been
increasing. The ongoing globalization trend has also made it imperative to supply healthy and safe
agricultural products from a viewpoint of product differentiation against imports. This may explain why
respondents exhibited a high interest in topic 63, which relates to R&D on health-oriented functional food,
by giving it a high degree of importance index score (84).
Continuing with a trend first noted in the previous (6th) technology forecast survey, respondents
exhibited high expectations for new bio-industries based on biotechnology. Amid accelerating
globalization, the multifaceted functions of agriculture, forestry and fisheries are attracting attention as a
unique characteristic of the Japanese agricultural, forestry and fisheries industries, while hopes are pinned
on technologies geared towards the optimum utilization of forests, as can be seen from topic 73, which
scored 92% in terms of the percentage of respondents choosing the “resolution of various problems of a
global scale” as an “expected effect”.
An overview of the five areas chosen as noteworthy domains in the latest survey follows.
6.1.1. Changes in value standards
In the latest survey, a set of questions entitled “Forecasting Society 30 Years from Now” were newly
introduced to the “agriculture, forestry, fisheries and food” field.  Respondents were asked to provide
answers on the following matters: (Q1) estimated world population; (Q2) estimated harvested area and
per-are yield; and (Q3) value standards of the agricultural, forestry and fisheries industries.
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In Q1, many respondents supported middle-of-the-road medium estimates. Regarding world food
production 30 years into the future (Q2), only 4.4% of respondents believed that both harvested area and
per-are yield would increase. Respondents were particularly pessimistic about harvested area, with 80.8%
thinking that a further expansion of farmland would be difficult. In contrast, 68.8% of respondents
expected per-are yield to increase further, including 64.4% who predicted an increase in per-are yield in
the presence of significant constraints on the expansion of harvested area. Finally, 16.4% thought that per-
are yield would decrease or stay at current levels.
Particularly noteworthy were the answers to the question on the value standards of the agricultural,
forestry and fisheries industries (Q3). While 6% of respondents said that the traditional “production
efficiency” concept would retain the same level of importance in the future, as high as 85.2% replied that
“environmental protection” or “natural recycling” would become more important. Significantly,
respondents who chose “natural recycling” (69.1%) far outnumbered those who chose “environmental
protection” (16.1%). This clearly indicates that far more respondents thought that agriculture should
actively promote “natural recycling” by fulfilling its own natural recycling functions than those who
merely advocated agriculture that contributes to environmental protection.
In the previous survey, it had been pointed out that the agricultural, forestry, fisheries and food field
were undergoing a major conceptual change. The latest survey went a step further by demonstrating that
they were at the crossroads. The survey results seem to have revealed researchers enthusiasm and quiet
confidence in turning agriculture, forestry, fisheries and food research into a driving force of a resource
recycling society in 30 years’ time.
6.1.2. Sustainable and environmentally-harmonious production activities
In pursuit of sustainable and environmentally-harmonious production activities, technological
development efforts geared towards the reduction of the consumption of pesticides and chemical fertilizers,
treatment and utilization of animal husbandry wastes, and the like are in progress at agricultural
production sites, with some of the technologies already in wide use.
Regarding the reduction of the consumption of pesticides and chemical fertilizers, the use of new
pesticide control techniques - including physiologically active substances, such as pheromones, and
natural enemy organisms, as well as pesticide-resistant varieties - is spreading in the horticultural area.
Research geared towards reducing herbicide consumption is also under way, with a mechanical weeding
technology aimed at controlling weeds around the base of plants being commercialized in the areas of
paddy rice growing, fruit growing and vegetable growing. Another urgent task is to develop an alternative
technique for methyl bromide application, a traditional method of preventing replant failure through the
control of soil-borne pathogens. Research currently centers on soil pasteurization, as an earlier developed
technique to reduce pathogen density by removing crop residues after harvesting failed to achieve
widespread acceptance. In the areas of paddy rice production, dry field farming and feed crop production,
technological development geared towards the introduction of the spot application of herbicides is under
away.
Regarding the reduction of the consumption of chemical fertilizers, a localized in-soil fertilizer
application technique has been put to practical use, and research is under way into precision farming
aimed at monitoring field soil fertilizer component distribution, leaf color, harvest, and the like in terms of
mesh information and controlling fertilizer application on a mesh by mesh basis, with GPS technology
utilized for the preparation of field maps.
Regarding the treatment and utilization of animal husbandry wastes, a technology that removes
offensive odors generated in barns and composting facilities through the use of microorganisms has been
established, with its use spreading. Research into the utilization of animal waste as manure or its
purification treatment is also under way. When returning animal waste to fields as manure, animal feed
production would not have the capacity to accept all the manure produced, so that coordination between
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animal husbandry and field husbandry is being pursued on the use of such manure in non-feed crop
production.
Another problem concerns the reuse/disposal of PVC, polyethylene and other plastic covering
materials. So far, no effective solution has been found. In this regard, a farming practice based on the use
of recycled paper, biodegradable materials, and the like has been developed, with its use spreading.
The latest 7th technology forecast survey was undertaken against a background of these technological
developments. Asked about suitable value standards for the Japanese agricultural, forestry and fisheries
industries 30 years into the future, 70% of respondents named natural recycling, with another 16%
choosing environmental protection. This shows that great hopes are pinned on advances in technologies
relating to environmentally-harmonious sustainable production activities. The importance of this
noteworthy domain was rated quite high, accounting for as many as 10 in the top 20 topics (see Table 3.6-
1) in the agriculture, forestry, fisheries and food field as follows: 76, 75, 73, 74, 08, 16, 18, 07, 06 and 32.
Respondents chose the “resolution of various problems of a global scale” as an “expected effect” of
these topics, with great hopes pinned on the management and evaluation of the environment/biological
resources. The top 10 topics in terms of the percentage of respondents citing “resolution of various
problems of a global scale” as an “expected effect” included the following three: 17, 72 and 31.
These results reflect the importance that has been attached to the tasks to be undertaken in the
agricultural, forestry and fisheries industries to help fulfil Japan’s commitments included in the Kyoto
Protocol, which was adopted at the Third Session of the Conference of the Parties to the UNFCCC
(COP3). The forecasted realization times of these topics lie in the 2013-2018 range, but whether the
international situation will give us that much time remains to be seen.
As has been mentioned above, technological development geared towards the minimization of the
environmental pollution involving agricultural production sites and the utilization of animal waste/residues
and other unwanted materials as organic resources or energy (fuel cells) is under way, with some of the
technologies gaining widespread acceptance. Regarding water pollution affecting rivers and other bodies
of water for which pesticides and chemical fertilizers are partly responsible, importance is attached to the
ascertainment of its impact on society and the wider environment and development of cleanup
technologies, with great hopes pinned on the elucidation of its mechanism.
Regarding the fisheries industry, the Fisheries Agency compiled a “Report of the Study Committee
on Basic Fisheries Policy” in August 1999, and formulated the Basic Fisheries Policy Charter in
December 1999 on that basis, with “Fisheries Research and Technological Development Strategies”,
which set goals for experimentation, research and technological development, adopted in June 2000 based
on the charter.
The priority research areas identified in the “Fisheries Research and Technological Development
Strategies” can be classified into the following six categories.
1) Greater sophistication of R&D on sustainable utilization of fisheries resources
2) Elucidation of the functions of fisheries organisms, active development of resources and greater
sophistication of aquaculture technology
3) Elucidation of the structure/functions of aquatic ecosystems and dynamics of fishing ground
environments, as well as the development of maintenance/management techniques for them
4) Promotion of research geared towards the stabilization of fisheries operations and reinvigoration of
fisheries areas
5) Promotion of research geared towards the securing of a supply of fisheries products tailored to
consumer needs
6) Promotion of research with an international perspective
To ensure environmentally-harmonious sustainable production activities by protecting the ecosystems
and biodiversity of our coastal waters, it is necessary to undertake vigorous research along these lines. The
most important research task for the fisheries industry is to find the cause of the depletion of fisheries
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resources and establish measures to recover depleted resources. This boils down to: the elucidation of the
fisheries resource fluctuation mechanism and development of a forecasting technique relating to 1); the
establishment of fisheries resource evaluation/management techniques; and the development of
environmentally-harmonious fisheries production techniques.
In the latest survey, the fisheries industry continued to receive a high average degree of importance
index score (64.2), while “management and evaluation of environmental/biological resources”, an
objective closely linked to the fisheries industry, was rated most important (72.4) among all the specified
objectives. Of all the topics relating to the fisheries industry, topic 49 was rated second most important.
However, its forecasted realization time was 2024, and “will not be realized” accounted for 9% of all
responses, which put this topic at third place on the list of five topics receiving the highest percentages of
this reply. These five topics also included 48, which was ranked No. 1 (10%). It was forecasted to be
realized in 2021.
Thus, the importance of the fisheries industry is highly rated in appreciation of its key role in
supplying high-quality protein on a sustainable basis through harmonious coexistence with the marine
environment and ecosystems. However, the difficulty of the process of actually taking the relevant
technologies to the level of practical use or widespread use is also rated quite high. The underlying cause
of this appears to be the notion that such a process will be filled with yet-unknown problems that cannot
be solved through narrowly-focused fisheries research alone due to the existence and interaction of many
complex factors, including the close dependence of the reproduction mechanisms and fluctuations of
fisheries resources on global-scale climate and oceanographic dynamics. The successful development of
these technologies would therefore require the bolstering of research projects based on the collaboration of
domestic/international organizations and the establishment of a powerful implementation structure, as well
as a boosting of research resources, and there are some early attempts designed to achieve these goals.
This was corroborated by the findings of the latest survey concerning topics relating to the fisheries
industries, with many respondents choosing the following answers to the question on “effective measures
the government should adopt in Japan”: “development of R&D infrastructure” (e.g. topic 48 ranked No. 1
with a score of 72%) and “boosting of R&D funding” (topics 72 and 43).
Regarding “potential problems in Japan” which may arise from technological development in the
fisheries industries, a large percentage of respondents (40.6%) chose “adverse effect on the natural
environment” as the answer.  This was particularly pronounced with topics 41, 42 and 44, where this
answer was chosen by more than half of the respondents, including experts. This reflects the Japanese
people’s concern that technological development (intervention with the natural environment) geared
towards boosting fisheries production to help ensure a continued supply of food may have a considerable
impact on the natural environment. In this regard, researchers are faced with the task of scientifically
elucidating the impact that development activities would have on the natural environment and making the
findings accessible to the general public as transparent information, and it is hoped that they will tackle
this task head on by conducting worthy research. As well as targeting technologies that will ensure a
minimum R&D impact on the natural environment, Japan must establish national consensus on the
relationship between technological development and the protection of the natural environment as an urgent
policy task.
6.1.3. Stable supply of healthy and safe food
Although the primary goal of the agricultural, forestry and fisheries industries is to supply food,
another important task assigned to these industries is to safeguard the beautiful national landscape and
provide a peaceful environment. Namely, the agricultural, forestry and fisheries industries must both feed
the Japanese people and enable them to enjoy the green surroundings.
However, since the supply of food as a quantitative goal has already been fulfilled, consumer
demands are set to shift more towards quality in the future. Direct concern over the safety of food due to
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food poisoning caused by O157, the spread of mad cow disease in Europe, and the like and the nagging
anxiety over the development of new types of foods, such as genetically-modified crops and cloned farm
animals, have given rise to overwhelming demands for a safe and secure food supply. As can be seen from
people’s nervous, or even hysterical, reaction to the contamination of food with foreign matter, the
consumer demand for high-quality food is greater than ever. Against a background of an aging of the
population, the demand for health-oriented food and elderly-friendly food is also growing. To meet these
demands, new breeding techniques and food processing techniques will be necessary.
The technologies featuring in topics 14 and 71, relating to a safe food supply, were forecasted to be in
widespread use in 2012 and in practical use in 2013, respectively. The technologies featuring in topics 61
and 63, relating to new types of foods, were forecasted to be put to practical use in 2011 and developed in
2012, respectively, while the technology featuring in topic 64, relating to a genetically modified organisms,
was forecasted to be developed in 2013. According to respondents’ forecasts, this would lead to the
realization in 2015 of topic 60. Topic 30, relating to the widespread use of a new type of food, was
forecasted to be realized in 2016, but this would require the development of the technique featuring in
topic 62, which was forecasted to occur in 2011. Topic 79, relating to the establishment of a new food
safety administration framework, was forecasted to be realized in 2009.
Technologies relating to high quality food in topics 69 and 70 were forecasted to be developed and
put to practical use in 2016 and 2014, respectively.
Topics in the food area were seen to be relatively easy to realize, with technologies featuring in them,
on the whole, forecasted to be developed or put to practical use between 2010 and 2015. This could be
interpreted as a sign of people’s conservative tendency towards food, which makes it difficult to introduce
innovative changes.
Demand for fisheries products, centering on fish, is rising across the globe for various reasons - for
instance in response to the outbreak of mad cow disease (Bovine Spongiform Encephalopathy；ＢＳＥ) and
foot-and-mouth disease in EU countries, which has raised fears over meat safety in these countries, in
order to secure a sufficient food supply in the 21st century, or in search for a source of high-quality low-
calorie protein. However, concerns are also being raised over the future safety of marine fisheries
resources in light of some worrisome facts, including the pollution of the North Sea, the Baltic Sea, the
Yellow Sea, and other marine areas, spread of highly toxic pollutants, such as PCBs and dioxins, across
oceans and their accumulation in wild marine organisms or captive marine organisms - either in temporary
captivity following capture or being raised in an aquacultural operation - through feed. Apart from
securing a food supply in the 21st century, the fisheries industry helps us ascertain/monitor the extent of
global pollution as it recovers organisms from a wide range of marine areas and depths. In this regard,
there is a need to develop technologies capable of measuring pollution levels accurately and swiftly and
systems that manage such information and supply it to the public with accuracy and speed.
The task of supplying food and securing its safety is not just a concern of the fisheries industry. In
fact, it is a critical issue that holds a key to the survival of the human race in the future. For this reason,
people pin enormous hopes on agricultural, forestry and fisheries technologies, and this makes it
imperative to establish a national mechanism to promote research geared towards ensuring a sustainable
supply of safe fisheries products.
6.1.4. Utilization of biological functions and new industrial applications
Global problems that came to the fore towards the end of the last century, such as environmental
problems and population/food problems, are long-term problems, and their resolution is decades away.
With topics 54 and 55, relating to the utilization of living organisms, topic 16, etc., relating to the creation
of new materials, and topic 58, progress has fallen short of expectations. In contrast, progress in human
genome research and gene research featuring in topic 01 has exceeded all expectations, with international
competition over the patenting of related information and a move to promote the sharing of such
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information occurring simultaneously. Technologies featuring in topics 51 and 52, which started with
microorganisms and made headway with insects and other organisms, have extended to plants and
mammals, while those featuring in topics 21 and 22 have made remarkable progress. Issues raised in
topics 76 and 62 have increased the needs for technologies to analyze ultra trace substances and have
facilitated the improvement of their accuracy and efficiency. Technologies designed to imitate biological
functions sometimes become obsolete as a result of the development of superior alternative technologies.
The utilization of biological functions brings a mixture of benefits and limitations, and this may have
added to the difficulty associated with the forecasting of its future. In light of various goals, including
sustainable production, the protection of biodiversity, realization of a recycling-oriented society and
economy (as a precondition for the foregoing two goals), and achievement of safety, security and the
welfare of mankind, the utilization of biological functions based on their elucidation, as well as their
industrial application, will continue to be the most important tasks in the agricultural, forestry, fisheries
and food field in the future.
Although gene manipulation constitutes one of the key technologies in the utilization of biological
functions, people at present show a strong aversion to it, as can be seen from their reaction to genetically
modified crops. This makes it very important to harmonize the technological development described in
topics 62 and 79 with food safety, bioethics and other issues through a comprehensive set of efforts,
including research.
Rapid advances in science and technology in recent years show that the utilization of biological
functions and related areas can take diverse courses and directions. Although uncertainties will remain
over the development of application technologies until research progresses further, it is important to
realize topic 73. As the utilization of diverse biological functions and their industrial application have vast
potential, it is necessary to establish a development strategy that evaluates and takes into consideration the
advantages and disadvantages of this technology relative to nonbiological technologies, in addition to the
advantages and disadvantages of available options in the parameters of the technology, such as the species
of organism and biological function. Indeed, industrialization cannot move forward unless adequate
attention is paid to people’s shaken confidence in science and technology resulting from the recent
occurrence of a series of science and technology-related mishaps. In this regard, it should be noted that
forecasted realization times given in this survey were arrived at by mainly looking at the scientific aspects
of issues, so that these may turn out to be significantly different from actual realization times depending on
any changes in social needs or level of public acceptance.
Based on the above considerations, topics 01, 65 and others, relating to basic research, topics 17, 74,
75 and others, relating to technologies geared towards the resolution of environmental problems, topics 60,
71 and others, relating to technologies geared towards enhancing safety and security, topics 46, 49 and
others, relating to labor-saving or resource-conservation technologies, and topics 30, 63, 64 and others,
relating to technologies geared towards catering for people’s needs, will be realized more or less as
forecasted or earlier, provided that the  Government takes the necessary measures, including the boosting
of funding and research infrastructure, cooperation between industry, academia and government, as well as
across fields, and personnel training and recruitment.  One particular concern about the survey results is
the small number of respondents who chose the development of an environment favorable for the
launching of new ventures, given the considerable profit potential that these areas offer to pioneering
developers.  The fact that respondents chose approximately a dozen to a dozen-and-a-half years as the
realization lead time for many topics may indicate that technologies featuring in those topics were
regarded as still being at a stage where national research institutes, universities and major corporations are
yet to engage in research activities. As long as the relationship between the level of expertise of the
respondent and the forecasted realization time is such that the higher the former the earlier the latter is for
most topics, optimism will be warranted. However, if the opposite is the case, we must be concerned about
the future of Japan’s science and technology. In this regard, it is worrisome to note that forecasted
realization times of carried-over or slightly modified topics - namely topics introduced in the previous
survey and included again in the latest survey more less in the same form because of non-realization in the
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intervening period and a continued high level of importance - were pushed back by a few years almost
across the board.
Generally speaking, advances in science and technology are accelerated by breakthroughs such as the
discovery of a key phenomenon or development of a revolutionary technique in the given area. In the case
of the utilization of biological functions, genetic engineering and genome analysis have provided
breakthroughs in recent years. This is why topics such as 02 and 52 were forecasted to be realized
relatively early. In contrast, the realization times of topics 57, 58, 23 and 24, where relevant biological
functions have not been sufficiently elucidated, and topics such as 07 and 53, which relate to the structure,
functions and dynamics of ecosystems, tended to be later. To ensure the sound and truly beneficial
development of science and technology, the Government must pay greater attention to basic research on
biological functions and ecosystems, although it is a relatively low-profile research area. Amid a
deepening sense of apprehension about the safety of genetically modified crops, the relatively early
forecasted realization time given to topic 62 appears to reflect researchers’ rational attitude towards this
issue.
6.1.5. Response to domestic and international circumstances concerning agricultural, forestry and
fisheries industries
The Japanese agricultural, forestry and fisheries industries are required to maintain/expand
agricultural, forestry and fisheries production, as well as safeguarding our national landscape, which is
rich in lush vegetation and clear water. In this regard, some domestic and international factors must be
taken into consideration as follows: 1) agricultural, forestry and fisheries assistance measures needed in an
era of a low birthrate and aging population; 2) international cooperation in the agriculture, forestry,
fisheries and food field; and 3) response to diversifying consumer needs.
The speed of the fall in birthrate and aging of the population in Japan is unprecedented, and this has
caused a strain on various parts of the Japanese institutional system, including pension and medical care.
The agricultural, forestry and fisheries industries are no exceptions. With the aging of agricultural, forestry
and fisheries workers, productivity has been falling rapidly, and there is an urgent need to address this
problem. The solution lies with further labor-saving and safety enhancements based on the improvement
of production methods. Topics 12 and 29, which relate to these issues, were forecasted to be realized
around 2014 and 2012, respectively. In this regard, the forecasted realization time varied greatly from
response to response, possibly because of the perception of the presence of diverse technical challenges on
the part of respondents.
To stem the hemorrhage occurring in the agricultural, forestry and fisheries workforce as a
consequence of the low birthrate and aging of the population, it is essential that manpower be shifted from
other industries. To make this happen, it is necessary to devise a suitable method to foster an accurate
understanding of the agricultural, forestry and fisheries industries among the general public, and transform
them into a career path on a par with the manufacturing and service industries.  There is a possibility that
the popularization of support systems for the agricultural, forestry and fisheries industries based on
advances in communications technologies, such as the Internet, will lower the technological barrier to
entry into the industries, while new working patterns, such as engaging in farming only on holidays, may
also emerge.  This is why topics 66 and 78 received high degree of importance index scores, with experts
among the respondents particularly enthusiastic about the idea.  However, the recruitment and retention
of agricultural, forestry and fisheries workers require more than technological innovation, and there is a
need to reform these industries from their legislative and institutional foundations.  At any rate, the labor-
saving improvement and standardization of the means of production would be essential.
Today, the agricultural, forestry and fisheries industries are no longer purely domestic industries, with
the importation of cheap foreign agricultural products commonplace.  This may lead to the collapse of
Japanese agriculture unless domestic agricultural products develop sufficient international competitiveness
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in terms of price, as well as product quality and quantity. In this regard, it is essential to make the best use
of IT and biotechnology. However, international competition is not the whole story, as international
cooperation and assistance are also important. It is believed that a high demand for Japan’s advanced
agricultural, forestry and fisheries techniques exists overseas, particularly among developing countries. In
that sense, technologies featuring in topics 49 and 53 may be used as the basis of Japan’s international
technical assistance in this field.
Another aspect to international cooperation is harmonization with food-related international trends.
One example is response to international calls for the conservation of fishery resources made from the
viewpoint of the protection of the natural environment, concerns over the impact of genetically-modified
crops and foods on people’s health, and the like.  Again, the nature of the issue is not purely technical,
and there is a strong policy/political overtone.  This makes it even more important to seek harmonization
with overseas trends by taking appropriate measures, as overseas developments would have an immediate
impact on the domestic agricultural, forestry and fisheries industries.
From a viewpoint of securing food, there is no question about the need to develop technologies
geared towards the protection and utilization of agricultural, forestry and fisheries resources.  At the same
time, consumer needs are diversifying, and this makes it important to develop technologies that will cater
for these needs as well.  However, all technologies have their upsides and downsides, so that measures to
properly evaluate them and make the results accessible to the public accurately and in an easy to
understand manner should never be neglected.  This is particularly true with biotechnology, as consumer
perception is diversifying as a result of the diversification of needs. It is not surprising that many
respondents rated the importance of topic 62 high. The same thing also occurred with topic 79, indicating
that there are great hopes for the establishment of an administrative framework capable of taking proper
care of consumer needs.
(Toshihiko Nishio, Osamu Suzuki, Hisao Itabashi, Kazuyuki Inubushi, Susumu Kawabe,
Hiroshi Taoda, Makoto Tajima, Tsukasa Nagaki, Masami Nakamura, Yasuyuki Yamakoshi)
6.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
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Topic Framework for Agriculture, forestry, fisheries and foods field
Agricultural industryDomain
Objective
Crop
production
Animal
husbandry/
grazing
Forests/
forestry
industry
Fisheries
industry Bio-industry
Common
(total
system)
Breeding and
development of
biological function
01 02 03
04 05
20 21 22
23 24
33 41 51 52 53
54 55 56
57 58
65
Cultivation and
feeding management
06 07 08
09 10 11
12 13
25 26 27
28 29
34 35 36 42 43 44
45 46 47
66 67 68
Storage, distribution
and processing
14 15 16 30 37 38 69 70 71
Management and
evaluation of the
environment / biological
resources
17 18 31 32 39 40 48 49 50 72 73 74
75 76
Needs 19 59 60 61
62 63 64
77
<Peripheral topics such as social systems>   78 79
6.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.
Degree of importance index scores averaged 62.4 for topics in the agriculture, forestry, fisheries and
food field as a whole. Topics judged to be particularly important to Japan (top 20 topics in terms of degree
of importance index score) are listed in the table below. While the topic rated most important related to the
isolation of useful genes in crops, those relating to endocrine disrupting substances and food safety also
featured relatively high on the list.
Table 3.6-1   Top 20 topics in terms of degree of importance
Topic Importanceindex
Forecasted
realization time
01:Determination of the whole DNA sequence of crops (e.g. rice) to isolate
useful genes. 89 2008
49:Practical use of rational resources management technology once
elucidation of the reproduction processes of major fishery resources makes
it possible to predict long-term (10–20 years) changes.
88 2024
76:Elucidation of the mechanism by which the toxicity of endocrine-
disrupting chemicals is manifest and its effect on reproductive functions,
behavior, brain functions, immune functions, etc., and the establishment of
safe limits for humans and livestock.
87 2015
62:Examination of the safety of genetically modified farm products from
both food and environmental perspectives, and development of an
evaluation method that can gain the understanding of consumers.
87 2011
79:Integration of food safety administration, and establishment of forums for
extensive discussions on food safety and effective use of feedback for
administration.
86 2009
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Topic Importanceindex
Forecasted
realization time
75:Development of factories that purify river water by fixing bacteria that
breakdown dioxin and other endocrine disrupters in carriers such as porous
charcoal.
86 2015
73:Practical use of technological structures and systems for the proper use of
forests while preserving the forests and their functions (maintenance of
biodiversity, environmental purification, and provision of scenery and
comfort).
86 2017
63:Development of food capable of supporting a healthy aging society from a
nutritional perspective by preventing a decline in anti-oxidation, brain and
chewing functions.
84 2012
74:Widespread use of environmental repair technology capable of cleaning
the pollution of closed water areas, such as Kasumigaura, to prewar levels
using organism and ecosystem functions.
83 2018
08:Reduction by half of the amount of agricultural chemicals by using
predominantly biological methods of crop protection (e.g. use of natural
enemy organisms, pheromones and allelochemicals).
82 2015
16:Widespread use of agriculture, forestry and fisheries material and
containers, such as multi-film for open-field farming and fishing gear,
made from biodegradable material.
82 2011
09:Widespread use of local weather monitoring systems, and technological
systems for reducing crop damage from cold weather, floods, drought,
wind and the like.
79 2015
18:Widespread use of biomass energy technology using farm products and
by-products. 79 2014
07:Practical use of technology for preventing crop replant failure through
biological methods, such as controlling microflora in the soil. 78 2016
52:Development of technology for the efficient production of beneficial
substances such as medicines using cultured animal cells. 74 2011
69:Development of technology capable of accurately estimating high-order
structures from primary protein structures of protein, and freely designing
3-D structures with physiologically active functions.
73 2016
06:Widespread use of technology for dissolving and facilitating crop uptake
of unavailable phosphorus fixed in the soil through the use of
microorganisms.
73 2014
72:Practical use of global monitoring systems that constantly monitor
changes in agriculture, forestry and fisheries resources and environment
through advances in high-resolution remote sensing technologies.
72 2013
32:Widespread use of eco-power generation systems using biogas generated
from livestock waste and food waste as fuel cells. 71 2015
60:Widespread use of functional foods capable of preventing lifestyle
diseases according to individual body characteristics. 71 2015
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6.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. Approximately 60%
of all topics in the agriculture, forestry, fisheries and food field were forecasted to be realized between
2011 and 2015, with the peak of the distribution lying approximately at the same location as the general
trend combining all fields.
Figure3.6-1   Forecasted realization times
6.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below.
In the agriculture, forestry, fisheries and food field, Japan and the U.S. were chosen as the leading
country by about equal numbers of respondents. Compared to Japan and the U.S., about half as many
respondents chose the EU.
Figure 3.6-2   Current leading countries (%)
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6.6. Comparison with the 6th survey (previous survey)
Of the 79 topics included in the latest survey, 16 were carried over (content identical to the previous
survey), 48 were modified (content partially changed from the previous survey) and 15 were newly
introduced. The percentage shares of these topics were 20, 61 and 19, respectively. For carried-over topics,
findings in the latest survey concerning degree of importance index scores and forecasted realization times
were compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score rose for 6 topics, fell for 8 topics and remained
unchanged for 2 topics. The forecasted realization time was pushed back for all topics.
Table 3.6-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
03:Development of C3 plants with modified photosynthesis systems
through the techniques of biological/biochemical control or gene
manipulation, etc.
62 / 2014 64 / 2012
05:Practical use of genetically uniform seeds of F1 varieties of crops such
as maize through the introduction of apomixis genes via gene
manipulation.
51 / 2014 53 / 2012
12:Development of remote-controlled, multi-purpose agricultural robots
with artificial intelligence that enable even elderly people to cultivate
fields and harvest crops easily.
58 / 2014 61 / 2011
14:High-pressure full sterilization of food becomes possible at a relatively
low pressure (about 3,000 atmospheres) in conjunction with other
physical and chemical methods in a continuous process, and its
widespread use as a common sterilization technique.
52 / 2012 51 / 2006
17:Widespread use of a cultivation technique across Asia that reduces
methane emission from paddy fields, while maintaining/improving rice
yields.
54 / 2018 56 / 2012
26:Practical use of synthetic vaccines for preventing diseases of livestock
utilizing molecular designs by gene engineering and protein engineering. 60 / 2015 63 / 2010
29:Widespread use of fully automated feed formulation, feeding, milking
and animal waste treatment systems. 62 / 2012 62 / 2008
30:Widespread use of allergy-free livestock product manufacturing
techniques through the analysis and modification of the antigen structure
of such products (e.g. milk and eggs).
63 / 2016 61 / 2011
34:Realization of systems enabling forest biomass to be used in a balanced
manner in terms of energy and economic considerations through the
practical use of technologies for efficiency raising and collecting broad-
leaved trees, bamboo grass, slash and other yet-unused resources that are
presently of relatively little economic importance.
69 / 2017 65 / 2014
40:Practical use of the forecasting of landslide and avalanche as the result
of development in remote sensing techniques using suitable sensors and
computer systems.
69 / 2014 66 / 2011
48:Practical use of a management technique for migratory fisheries-
resource organisms with great traveling distances, based on a prediction
system for the relationship between ocean-wide environmental changes
and marine organism propagation.
69 / 2021 70 / 2018
51:Practical use of pharmaceutical products utilizing the antibacterial
proteins and blood anticoagulants obtained from insects. 58 / 2012 55 / 2008
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
54:Development of new materials for common daily life items, such as
glues and fibers from marine organisms. 55 / 2015 55 / 2010
61:Practical use of artificial sweeteners with exactly the same sweetness
(taste) and cooking characteristics as sugar for use in diet foods. 43 / 2011 42 / 2007
70:Practical use of general-purpose taste measuring equipment provided
with a taste sensor capable of sensing taste ingredients and a texture
sensor capable of sensing.
42 / 2014 44 / 2010
77:Elucidation of the mode of action of “forest bathing” that gives
favorable effect on human physiology and psychology from the
surrounding environment.
50 / 2015 54 / 2011
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6.7. Table of survey results
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1 252 15 24 61 85 72 24 4 0 46 63 20 44
2 218 13 23 64 89 79 18 2 0 42 75 11 35
X 29 100 0 0 93 86 14 0 0 45 76 21 55
1 268 15 25 60 68 43 44 12 2 44 62 32 12
2 232 14 22 64 70 45 47 8 0 37 72 23 7
X 33 100 0 0 86 73 24 3 0 42 73 48 12
1 191 13 27 61 61 35 41 22 2 36 74 8 28
2 167 11 23 65 62 30 56 14 0 28 81 5 21
X 19 100 0 0 84 68 32 0 0 47 84 21 32
1 202 6 31 63 62 35 45 20 2 36 80 11 16
2 175 9 27 65 63 34 51 14 1 27 85 7 12
X 15 100 0 0 83 67 33 0 0 40 100 13 13
1 134 13 21 66 55 27 42 29 2 40 63 8 22
2 121 13 19 68 51 17 55 26 2 26 76 2 16
X 16 100 0 0 73 50 44 6 0 44 69 6 25
1 172 12 30 58 68 44 42 15 0 34 85 10 13
2 156 12 25 63 73 49 42 8 0 21 91 4 7
X 18 100 0 0 92 83 17 0 0 17 94 17 17
1 197 12 25 63 73 51 40 8 1 47 68 20 11
2 173 12 22 66 78 58 41 2 0 41 76 14 6
X 21 100 0 0 98 95 5 0 0 62 76 43 10
1 246 16 23 61 75 54 40 5 1 29 78 44 10
2 217 16 20 65 82 66 31 2 0 22 84 39 5
X 34 100 0 0 87 76 21 0 3 35 94 47 12
1 185 6 21 73 73 50 45 5 0 57 60 25 8
2 171 5 19 75 79 60 38 2 0 53 64 17 4
X 9 100 0 0 78 56 44 0 0 67 67 33 11
1 237 14 25 62 46 17 38 41 3 49 26 54 5
2 208 13 23 65 45 11 48 39 2 52 18 54 2
X 26 100 0 0 47 12 54 35 0 46 27 50 12
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Importance (index, %)
Determination of the whole DNA sequence of
crops (e.g. rice) to isolate useful genes.
Widespread use in Japan of crop varieties
improved by gene manipulation (higher yield,
disease- and cold-resistance, etc.).
Development of C3 plants with modified
photosynthesis systems through the techniques of
biological/biochemical control or gene
manipulation, etc.
Development of cultivation methods for non-
leguminous crops through the development and
utilization of highly efficient symbiotic nitrogen-
fixing microorganisms.
Practical use of genetically uniform seeds of F1
varieties of crops such as maize through the
introduction of apomixis genes via gene
manipulation.
Widespread use of technology for dissolving and
facilitating crop uptake of unavailable phosphorus
fixed in the soil through the use of
microorganisms.
Practical use of technology for preventing crop
replant failure through biological methods, such
as controlling microflora in the soil.
Reduction by half of the amount of agricultural
chemicals by using predominantly biological
methods of crop protection (e.g. use of natural
enemy organisms, pheromones and
allelochemicals).
Widespread use of local weather monitoring
systems, and technological systems for reducing
crop damage from cold weather, floods, drought,
wind and the like.
Widespread use of vegetable processing plants in
which the cultivation, recognition of maturity,
harvesting, and packaging and shipping of crops
such as tomatoes are automated.
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0 2 69 67 6 0 5 42 51 51 63 9 5 4 2 25 38 17 3
0 0 78 68 5 0 3 41 49 49 69 7 3 2 1 29 51 10 2
0 0 83 72 10 0 0 52 66 38 62 17 3 0 3 17 24 17 7
2 8 28 87 11 1 4 33 45 39 46 12 20 18 8 48 55 22 4
1 6 24 94 9 0 2 33 52 38 55 8 17 14 5 52 68 18 2
0 3 27 100 24 0 0 36 67 42 64 21 27 0 9 45 48 27 6
2 9 29 68 15 1 20 39 35 47 52 2 3 5 1 37 31 11 3
1 5 26 80 8 1 11 43 32 56 65 1 2 3 1 49 31 7 3
0 0 68 89 21 0 0 53 53 47 68 5 5 0 0 37 26 16 11
0 8 28 58 24 3 30 42 33 52 56 3 1 4 0 42 17 6 3
0 3 29 71 19 2 19 48 25 57 65 3 1 2 1 55 18 3 2
0 0 60 87 53 13 0 67 40 60 73 0 7 0 0 33 33 7 7
0 7 12 84 11 1 13 40 30 46 54 5 7 4 1 34 29 8 3
0 6 12 92 8 1 5 40 26 45 58 3 5 3 0 55 31 4 3
0 0 25 94 25 6 6 50 31 38 69 0 13 0 0 50 19 0 6
1 6 34 44 19 2 34 41 40 53 51 6 2 2 1 34 8 2 2
1 2 40 60 15 2 22 44 32 61 56 3 1 2 0 50 5 0 3
0 0 56 67 28 11 11 61 33 61 72 6 0 6 0 44 11 0 0
5 6 39 40 26 0 34 48 39 51 53 4 1 1 0 38 11 2 2
1 3 49 53 23 0 24 52 33 56 61 3 1 2 0 54 8 1 2
0 0 62 81 38 0 10 67 38 67 86 5 5 0 0 43 5 0 5
4 9 38 55 57 2 17 47 54 48 59 11 13 13 0 47 12 4 2
2 4 39 67 63 1 8 45 58 50 65 9 11 8 0 61 9 1 1
6 0 56 76 85 6 0 56 71 68 74 15 26 9 0 47 12 0 3
3 7 43 46 18 1 28 34 48 51 52 9 4 1 1 16 4 5 5
2 4 57 58 14 0 18 32 50 53 60 5 2 1 0 25 4 2 2
0 0 56 56 22 0 11 33 33 78 56 0 0 0 0 22 0 11 0
5 4 58 39 38 1 11 19 53 25 41 35 8 2 1 12 22 13 8
2 3 69 38 38 0 7 14 64 19 44 35 4 0 1 11 32 10 6
4 0 85 35 50 0 0 19 65 27 54 19 0 0 0 8 27 23 12
Forecasted realization time
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1 202 15 26 59 51 22 42 34 2 59 11 45 11
2 177 14 23 63 51 16 56 27 1 71 3 49 6
X 24 100 0 0 57 25 54 21 0 75 4 38 17
1 193 16 26 58 60 32 45 19 4 64 11 53 12
2 175 14 22 63 58 26 56 15 2 69 6 51 4
X 25 100 0 0 65 38 46 17 0 72 12 44 8
1 206 16 27 57 59 29 49 20 1 59 46 24 11
2 187 13 23 64 58 23 63 14 0 67 44 18 6
X 25 100 0 0 70 44 48 8 0 64 56 24 8
1 152 14 25 61 52 23 43 32 2 51 14 68 7
2 135 12 22 66 52 18 54 28 0 49 7 77 3
X 16 100 0 0 64 38 44 19 0 69 19 75 6
1 147 14 29 58 50 19 45 34 1 37 13 78 4
2 131 11 25 64 50 15 58 26 1 33 8 86 2
X 14 100 0 0 68 36 64 0 0 57 7 93 0
1 228 11 25 64 76 56 37 7 0 43 82 27 4
2 204 9 23 68 82 66 31 3 1 38 90 14 1
X 19 100 0 0 92 84 16 0 0 21 95 26 0
1 177 10 21 69 55 28 39 29 4 18 92 6 9
2 164 8 23 70 54 23 48 26 3 11 95 4 4
X 13 100 0 0 83 69 23 8 0 8 100 15 15
1 241 13 25 62 72 50 40 10 0 48 89 17 5
2 220 11 24 65 79 61 32 7 0 46 92 11 3
X 25 100 0 0 91 83 13 4 0 52 96 8 0
1 163 17 19 64 51 17 56 27 1 55 14 63 7
2 140 15 17 68 50 12 68 18 2 57 9 65 4
X 21 100 0 0 61 24 71 5 0 71 24 81 5
1 187 12 24 64 59 31 46 22 1 61 33 30 18
2 165 8 24 68 57 23 60 16 1 68 30 24 10
X 13 100 0 0 75 54 38 8 0 85 54 15 23
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Importance (index, %)
Practical use of agricultural robots capable of
selecting and harvesting fruits according to
quality.
Development of remote-controlled, multi-purpose
agricultural robots with artificial intelligence that
enable even elderly people to cultivate fields and
harvest crops easily.
Widespread use in Japan of advanced farming
systems that combine mesh data necessary for
cropping, such as soil maps, and other data such
as weather and growth models.
High-pressure full sterilization of food becomes
possible at a relatively low pressure (about 3,000
atmospheres) in conjunction with other physical and
chemical methods in a continuous process, and its
widespread use as a common sterilization technique.
Widespread use of technology that keeps starch-based
foods with high water content such as cooked rice from
deteriorating for a prolonged period, making it possible
to eat such foods at any time without reheating when
combined with aseptic packaging.
Widespread use of agriculture, forestry and
fisheries material and containers, such as multi-
film for open-field farming and fishing gear,
made from biodegradable material.
Widespread use of a cultivation technique across
Asia that reduces methane emission from paddy
fields, while maintaining/improving rice yields.
Widespread use of biomass energy technology
using farm products and by-products.
Practical use of fully automatic food processing
processes that incorporate biosensors capable of
instantaneously determining food quality.
Widespread use of technology for genetic
improvement (disease resistance and fecundity)
of domestic animals by introduction of genes with
desirable traits into the fertilized ovum or
embryo.
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4 4 59 40 24 0 17 23 62 34 50 21 2 0 0 8 5 13 7
2 1 72 41 18 0 11 20 72 26 55 15 2 0 0 6 6 14 6
0 0 88 33 25 0 4 38 75 42 63 13 4 0 0 4 4 8 13
4 6 59 37 20 0 21 23 64 33 49 21 4 0 1 7 12 17 7
1 3 73 36 17 0 10 18 75 27 51 16 2 0 0 2 13 14 4
0 0 84 32 20 0 0 24 76 32 68 8 0 0 0 0 12 20 8
3 5 41 62 25 0 16 33 57 47 49 13 2 0 0 10 5 7 4
1 3 48 72 21 0 10 29 70 39 52 7 1 1 0 11 3 3 3
0 0 52 92 40 0 0 36 80 64 60 8 0 0 0 4 0 4 4
7 11 60 34 22 0 20 14 56 31 44 24 9 4 1 3 19 4 5
6 6 70 34 13 0 14 10 64 24 50 21 7 1 1 1 23 2 4
19 0 88 50 19 0 0 13 56 38 56 25 19 0 0 0 31 0 6
2 7 80 16 4 1 12 14 52 22 40 25 7 3 0 3 20 10 2
0 5 87 11 2 0 7 10 69 18 49 25 2 2 0 2 24 8 4
0 0 93 21 21 0 0 7 79 36 64 29 0 0 0 0 21 14 7
1 2 53 36 25 0 25 21 59 32 50 25 8 13 2 21 9 5 4
1 1 66 34 23 0 17 12 71 25 53 20 6 10 1 27 5 1 3
0 0 89 47 26 0 5 16 68 16 58 32 26 16 5 32 5 0 5
7 10 62 18 10 5 27 46 29 51 52 5 1 5 3 19 5 3 2
5 5 77 13 7 1 16 53 19 54 61 3 0 4 2 20 1 1 2
0 0 100 38 15 0 0 85 0 85 100 0 0 0 0 8 8 0 0
2 7 42 44 40 3 24 28 59 47 58 22 7 8 2 15 4 2 3
1 5 45 50 48 3 17 23 70 47 63 20 5 6 1 18 2 2 1
0 0 68 52 56 8 0 28 76 52 68 20 4 4 0 4 4 4 0
3 8 55 52 23 0 22 18 57 42 42 24 4 1 1 4 17 6 4
1 5 66 56 14 0 16 12 68 44 44 19 0 0 1 1 21 2 3
0 10 90 57 19 0 0 33 76 62 57 24 0 0 0 0 14 0 5
3 6 49 69 69 0 6 40 45 49 59 10 18 13 2 19 49 53 2
2 4 47 71 75 0 5 38 46 52 67 5 13 11 2 13 56 59 1
0 8 31 85 85 0 0 31 46 46 85 0 38 15 0 8 38 62 0
Forecasted realization time
Ja
pa
n
A
dv
er
se
 e
ff
ec
t o
n 
m
or
al
s, 
cu
ltu
re
 o
r
so
ci
et
y
A
dv
er
se
 e
ff
ec
t o
n 
sa
fe
ty
A
dv
er
se
 e
ff
ec
t o
n 
th
e 
na
tu
ra
l
en
vi
ro
nm
en
t
Leading countries (%)
D
o 
no
t k
no
w
O
th
er
 c
ou
nt
rie
s
EUU
SA
Potential problems
R
ei
nf
or
ce
 c
oo
pe
ra
tio
n 
am
on
g
se
ct
or
s a
nd
 fi
el
ds
Fo
ste
r h
um
an
 re
so
ur
ce
s
O
th
er
s
R
ei
nf
or
ce
 o
r e
st
ab
lis
h 
re
la
te
d
re
gu
la
tio
ns
R
el
ax
 o
r a
bo
lis
h 
re
la
te
d 
re
gu
la
tio
ns
D
ev
el
op
 e
nv
iro
nm
en
t f
or
 b
us
in
es
s
st
ar
tu
ps
D
ev
el
op
  r
es
ea
rc
h 
an
d 
de
ve
lo
pm
en
t
in
fr
as
tru
ct
ur
e
O
th
er
 a
dv
er
se
 e
ff
ec
ts
Measures the government should adopt
In
cr
ea
se
 g
ov
er
nm
en
t r
es
ea
rc
h
fu
nd
in
g
20312016 2021 202620112006
280
H
ig
h
M
ed
iu
m
Lo
w
In
de
x
H
ig
h
M
ed
iu
m
Lo
w
U
nn
ec
es
sa
ry
1 183 12 20 68 56 27 45 26 2 56 25 39 14
2 160 9 22 69 55 21 59 19 1 70 18 34 11
X 14 100 0 0 71 50 36 14 0 64 21 36 29
1 152 16 24 60 64 40 42 16 3 66 18 45 21
2 131 13 23 64 66 37 53 9 1 76 10 50 13
X 17 100 0 0 79 59 41 0 0 65 12 53 18
1 127 16 28 57 59 29 50 20 1 52 30 33 31
2 111 11 30 59 56 18 68 14 0 69 20 24 18
X 12 100 0 0 71 42 58 0 0 58 25 8 25
1 108 10 31 59 48 18 42 37 3 49 45 15 13
2 92 11 27 62 46 10 53 36 1 57 48 8 12
X 10 100 0 0 58 30 50 10 10 40 60 0 20
1 138 10 26 64 52 23 43 30 4 43 51 12 15
2 123 7 23 70 52 17 60 22 2 45 67 7 8
X 9 100 0 0 78 56 44 0 0 56 67 11 22
1 134 10 23 66 63 34 51 14 1 56 45 27 22
2 110 9 22 69 60 26 63 10 1 71 46 16 12
X 10 100 0 0 80 60 40 0 0 80 50 30 30
1 144 13 19 69 56 26 48 24 2 58 30 20 10
2 120 12 17 72 54 20 58 21 1 74 24 13 3
X 14 100 0 0 68 43 43 14 0 71 29 21 7
1 174 9 28 63 46 16 37 44 2 57 31 26 7
2 151 7 28 65 44 11 43 44 2 73 25 17 6
X 11 100 0 0 50 18 45 36 0 64 36 27 9
1 191 14 25 61 61 34 42 24 1 62 38 28 3
2 162 12 25 62 62 31 54 14 1 77 31 22 1
X 20 100 0 0 85 70 30 0 0 90 35 20 5
1 167 13 25 62 66 39 46 15 0 32 13 86 14
2 139 9 22 69 63 33 56 12 0 24 6 92 6
X 12 100 0 0 88 75 25 0 0 58 8 92 8
Topic
D
iv
is
io
n
N
um
be
r o
f r
es
po
nd
en
ts
Q
ue
st
io
nn
ai
re
 ro
un
d
Degree of
expertise (%)
To
pi
c 
se
ria
l N
o.
R
es
ol
ut
io
n 
of
 g
lo
ba
l p
ro
bl
em
s
Expected effect (%)
So
ci
oe
co
no
m
ic
 d
ev
el
op
m
en
t
Ex
pa
ns
io
n 
of
 in
te
lle
ct
ua
l r
es
ou
rc
es
Pe
op
le
's 
ne
ed
s
23
A
gr
ic
ul
tu
ra
l i
nd
us
try
 (a
ni
m
al
 h
us
ba
nd
ry
/g
ra
zi
ng
)
29
22
21
24
25
28
26
27
30
Importance (index, %)
Widespread use of the cloning of superior cattle
by nuclear transplantation.
Practical use of technology for producing transformed
livestock capable of efficiently secreting
physiologically active substances (medicines), such as
antimicrobial proteins and blood coagulating factors, in
milk utilizing embryonic stem (ES) cells.
Widespread use of technology contributing to
disease prevention and improvements in feed
intake through the elucidation of the mechanism
of the cranial-nervous, endocrine and
immunological systems in livestock.
Widespread use of heterosis-bred varieties of feed
crops and pasture grass using parthenogenetic
genes.
Development of technology for improving the
usability of feed through the functional
modification of rumen (first stomach)
microorganisms based on gene manipulation.
Practical use of synthetic vaccines for preventing
diseases of livestock utilizing molecular designs
by gene engineering and protein engineering.
Widespread use of technology for sex selection
following establishment of methods of
distinguishing XY sperm in livestock.
Widespread use of labor-saving grazing
techniques based on computers, mechatronic
devices, etc.
Widespread use of fully automated feed
formulation, feeding, milking and animal waste
treatment systems.
Widespread use of allergy-free livestock product
manufacturing techniques through the analysis
and modification of the antigen structure of such
products (e.g. milk and eggs).
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2 5 73 51 61 0 7 23 45 37 44 15 19 14 4 11 43 54 2
2 4 82 54 64 1 4 18 58 34 49 8 18 13 2 7 52 61 3
7 14 100 57 43 7 0 29 50 43 57 0 29 14 0 7 64 64 0
2 5 33 78 51 0 11 39 48 47 59 13 20 8 3 8 45 42 1
2 2 31 89 52 0 8 35 60 45 68 8 16 8 0 5 56 49 1
6 0 29 88 59 0 0 18 71 35 88 6 24 12 0 0 47 53 0
3 9 22 62 39 0 26 56 34 52 64 2 6 6 1 5 20 21 2
3 4 21 78 38 0 15 59 31 49 66 0 3 4 0 1 25 26 1
0 0 17 67 33 0 25 67 33 58 67 0 0 0 0 0 25 50 8
3 8 19 68 31 0 24 32 31 39 49 8 6 3 1 34 19 8 1
1 4 17 84 27 0 12 39 28 43 62 3 0 3 2 46 13 3 2
0 0 20 90 10 0 10 50 10 40 80 0 0 0 10 30 10 10 20
5 10 29 54 38 1 28 36 28 48 53 4 5 3 1 23 32 8 0
5 7 25 64 40 1 20 37 24 49 63 2 2 2 0 19 38 5 0
0 0 44 100 67 0 0 89 11 56 89 0 0 0 0 11 67 0 0
1 5 24 69 40 1 22 37 43 46 54 16 9 4 0 13 41 7 0
0 4 22 77 39 0 17 33 44 49 65 12 5 3 0 9 41 3 0
0 0 40 100 70 0 0 40 60 50 90 10 0 0 0 10 50 0 0
5 3 40 50 37 0 26 30 39 36 42 7 6 3 1 10 15 44 1
3 1 44 72 33 0 18 33 45 38 52 4 2 3 0 3 11 48 0
14 0 57 100 43 0 0 14 71 36 64 0 0 7 0 7 14 43 0
5 3 40 50 34 1 20 26 44 34 51 14 2 1 1 11 6 7 3
3 3 42 67 30 0 13 23 52 27 60 11 2 1 0 12 3 5 4
9 0 45 45 36 0 9 36 36 27 45 9 0 0 0 0 0 0 0
3 5 43 51 54 1 14 23 54 38 47 23 4 3 1 8 9 9 3
2 3 44 59 66 0 8 19 65 30 48 20 2 3 0 5 10 5 4
0 0 65 35 70 0 0 35 60 35 60 5 0 0 0 0 10 5 0
3 2 51 61 39 0 23 43 47 43 58 13 7 2 0 7 38 8 2
3 1 58 74 37 0 14 45 49 45 70 8 3 1 0 3 45 4 1
0 0 83 83 58 0 0 75 50 33 83 17 8 0 0 0 42 17 0
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1 131 10 24 66 53 24 42 30 4 13 88 5 5
2 124 10 15 74 50 15 56 27 2 10 90 2 2
X 13 100 0 0 65 38 46 15 0 23 85 8 8
1 192 10 20 70 66 43 38 17 2 48 86 18 8
2 172 8 19 74 71 48 43 9 1 49 93 13 3
X 13 100 0 0 88 77 23 0 0 69 100 15 0
1 153 7 22 71 68 43 43 12 2 26 41 81 5
2 139 6 19 75 68 42 47 10 1 19 29 88 1
X 9 100 0 0 78 67 11 22 0 11 44 78 0
1 136 6 26 68 68 44 41 13 1 53 74 18 5
2 124 6 25 69 69 44 46 9 1 50 86 11 2
X 7 100 0 0 86 71 29 0 0 57 71 43 14
1 107 7 22 70 48 15 49 33 3 52 48 21 1
2 98 5 21 73 49 11 64 23 2 63 48 13 0
X 5 100 0 0 55 20 60 20 0 80 60 20 0
1 128 3 18 79 37 6 34 54 6 29 7 72 11
2 116 3 16 80 33 4 25 68 4 24 0 84 3
X 4 100 0 0 31 0 50 25 25 25 0 75 0
1 95 8 22 69 67 39 52 8 1 64 66 39 3
2 90 8 20 72 65 33 61 6 0 64 78 30 0
X 7 100 0 0 75 57 29 14 0 71 71 43 0
1 98 8 21 70 61 30 53 18 0 56 68 27 3
2 91 7 18 76 58 20 71 8 1 51 85 12 0
X 6 100 0 0 75 50 50 0 0 50 83 17 0
1 111 10 22 68 60 29 52 19 0 39 77 20 14
2 107 9 19 72 56 17 71 12 0 25 87 16 8
X 10 100 0 0 58 20 70 10 0 10 80 20 30
1 92 4 15 80 68 45 38 16 0 39 39 58 4
2 87 1 13 86 69 46 38 16 0 34 32 69 1
X 1 100 0 0 100 100 0 0 0 100 0 0 0
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Importance (index, %)
Widespread use of technology for reducing the
emission of methane from ruminants by 20–30%
by improving feeding techniques or using
additives.
Widespread use of eco-power generation systems
using biogas generated from livestock waste and
food waste as fuel cells.
Development of commercial varieties of conifers
with desirable characteristics, for example, cedars
that do not release pollen, through the application
of gene manipulation, cell fusion and other
similar technologies in forest tree breeding.
Realization of systems enabling forest biomass to be used in
a balanced manner in terms of energy and economic
considerations through the practical use of technologies for
efficiency raising and collecting broad-leaved trees, bamboo
grass, slash and other yet-unused resources that are presently
of relatively little economic importance.
Practical use of self-propelled planting machines
that simultaneously prepare forestland and plant
pot seedlings.
Widespread use of protected cultivation of
matsutake  mushrooms.
Practical use of technology for manufacturing
high-strength, versatile and recyclable wood
composite materials through advances in the
wood and non-wood material integration
technology.
Practical use of technology for manufacturing
paper and pulp using enzymes from wood
decaying fungi.
Elucidation of the symbiotic relationship between parasites
that can cause major forest damage and their hosts in the
forest ecosystem and the mechanism by which damage is
done to the host, and development of a system for predicting
outbreaks of disease and insect pests.
Practical use of the forecasting of landslide and
avalanche as the result of development in remote
sensing techniques using suitable sensors and
computer systems.
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4 11 36 48 54 2 21 40 29 47 57 3 2 4 1 11 15 4 2
2 6 40 52 67 1 13 43 20 48 71 2 1 3 1 10 16 4 2
0 0 54 69 69 0 0 77 15 62 77 0 0 8 0 31 8 8 0
7 6 38 32 49 1 24 31 52 47 55 29 9 8 1 13 3 2 4
2 3 39 28 65 1 16 26 62 40 65 28 7 5 1 14 2 2 4
0 0 62 62 85 0 0 54 69 62 69 38 8 0 0 15 0 0 0
5 5 62 22 12 1 23 30 31 52 60 5 4 3 1 42 8 3 0
3 1 79 20 9 0 12 30 24 54 73 2 3 1 0 56 4 1 0
0 0 89 33 11 0 11 56 22 33 67 0 11 0 0 67 11 0 0
10 13 43 18 24 1 34 26 45 51 54 18 5 6 3 22 3 1 4
6 6 65 8 22 0 21 24 42 56 67 11 5 2 2 27 1 1 4
0 0 71 57 43 0 0 14 29 57 43 0 0 0 0 14 0 0 0
2 8 55 17 19 2 21 18 49 32 52 20 2 1 0 19 4 0 3
2 3 73 13 16 2 12 14 58 24 65 15 1 2 0 23 1 0 2
0 0 60 20 60 20 0 20 60 40 60 20 20 20 0 40 20 0 0
4 7 85 1 1 1 11 27 35 25 41 27 2 1 0 11 5 3 2
1 5 94 0 0 0 3 20 34 19 54 23 1 1 1 12 6 2 3
0 25 100 0 0 0 0 50 0 25 75 25 0 0 0 25 0 0 0
0 7 67 33 19 1 17 18 60 46 56 36 5 4 1 14 8 2 5
0 2 82 28 16 0 11 14 73 33 64 23 1 2 0 14 10 0 4
0 0 71 57 0 0 0 14 57 43 86 14 0 0 0 14 14 0 0
5 10 52 33 30 1 24 26 54 47 52 21 2 3 1 16 10 2 3
2 5 76 29 26 0 11 14 66 42 64 14 2 1 0 25 7 1 1
0 17 67 50 17 0 17 0 67 50 83 0 0 0 0 50 0 0 0
1 10 43 50 34 5 26 46 33 50 58 2 3 3 2 18 5 2 4
2 7 43 71 33 3 14 48 22 61 72 3 2 3 1 17 3 2 3
0 0 40 90 60 30 0 80 20 80 60 0 0 0 0 10 0 0 0
3 3 53 39 25 0 27 30 48 50 64 11 3 1 2 7 11 2 5
1 3 71 36 24 0 17 25 51 54 63 10 2 1 0 3 7 2 3
0 0 100 100 0 0 0 0 100 0 100 0 0 0 0 0 0 0 0
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1 134 13 22 64 62 34 49 17 1 60 36 40 10
2 119 10 18 71 61 27 62 9 1 76 26 34 8
X 12 100 0 0 65 33 58 8 0 75 25 33 17
1 129 13 25 62 69 44 43 13 0 56 57 33 10
2 118 9 22 69 70 44 50 6 1 62 66 23 6
X 11 100 0 0 77 55 45 0 0 73 55 27 9
1 119 17 28 55 70 44 47 8 0 50 73 29 4
2 108 13 25 62 69 40 56 5 0 50 83 13 2
X 14 100 0 0 79 57 43 0 0 71 79 29 0
1 109 17 24 59 53 22 50 21 6 57 50 28 8
2 103 15 20 65 55 21 60 18 2 63 54 17 4
X 15 100 0 0 73 53 33 13 0 67 67 33 13
1 109 23 20 57 67 39 50 10 0 66 49 27 10
2 97 22 16 62 65 33 61 6 0 71 53 16 3
X 21 100 0 0 75 52 43 5 0 71 57 33 0
1 103 22 15 63 55 27 45 23 5 61 28 35 5
2 93 18 14 68 53 18 60 20 2 72 23 27 2
X 17 100 0 0 56 29 47 12 12 76 24 24 12
1 128 15 20 66 54 27 36 35 2 52 19 52 7
2 113 13 14 73 49 17 46 34 3 58 11 56 2
X 15 100 0 0 62 40 33 20 7 67 7 40 7
1 101 25 17 58 68 42 46 11 1 46 65 29 12
2 89 21 16 63 69 41 53 6 0 45 80 18 9
X 19 100 0 0 76 53 47 0 0 47 84 11 11
1 101 28 19 53 82 69 24 6 1 59 64 29 16
2 93 24 14 62 88 77 21 2 0 61 71 18 9
X 22 100 0 0 98 95 5 0 0 68 64 14 18
1 95 20 21 59 62 33 48 17 1 53 49 24 9
2 88 19 18 63 64 31 60 8 0 60 50 15 6
X 17 100 0 0 75 53 41 6 0 65 41 18 6
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Importance (index, %)
Creation of varieties with a high resistance to changes
in water temperature and diseases through the
application of technology for analyzing genome
information, and the widespread use of systems for
cultivating fisheries resources with desirable traits.
Elucidation of the mechanism by which stocked fry
adapt to the natural environment and the impact this
has on the ecosystem, leading to practical use of
cultivating techniques that provide a high survival rate
and low impact on the ecosystem after stocking.
Widespread use of technology for creating algae
fields to improve the productivity potential of
fisheries resources in coastal areas.
Practical use of technology for utilizing large
volumes of deep seawater with the aim of
forming good offshore fishing grounds.
Widespread use of fishing and oceanic
information service systems that gather, analyze
and disseminate information simultaneously over
a wide area through a combination of automatic
observation buoys and satellite.
Widespread use of super labor-saving fisheries
production systems using technology for luring
and controlling fish shoals.
Widespread use of a production system for eels
extending from artificial insemination to growth
and shipment.
Practical use of a management technique for migratory
fisheries-resource organisms with great traveling
distances, based on a prediction system for the
relationship between ocean-wide environmental
changes and marine organism propagation.
Practical use of rational resources management
technology once elucidation of the reproduction
processes of major fishery resources makes it
possible to predict long-term (10–20 years)
changes.
Widespread use of a fish shoal detection system
that enables accurate assessment of fishery
resources, such as determining fish length and
type.
285
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
4 10 59 41 25 0 21 44 44 56 64 12 10 7 1 57 37 16 1
2 8 76 38 19 0 12 49 45 61 71 8 6 8 1 74 34 9 1
0 8 92 50 25 0 0 50 58 83 92 25 17 17 0 58 33 8 0
5 5 74 16 12 1 18 40 43 55 64 11 4 5 0 44 5 3 3
2 3 86 12 6 1 9 46 41 65 72 5 2 3 0 54 2 3 1
9 0 91 0 0 0 9 64 73 73 91 18 0 18 0 55 9 0 0
3 3 76 15 8 1 13 42 50 50 65 13 4 3 0 35 1 2 4
1 1 86 10 6 0 8 36 52 49 75 7 3 3 0 41 0 2 4
7 0 100 7 0 0 0 36 50 79 86 7 7 7 0 14 0 0 7
10 12 66 25 6 0 23 22 51 50 53 17 5 6 0 51 3 2 5
4 6 82 26 2 0 10 20 56 58 59 9 8 3 0 60 1 2 4
0 7 87 60 7 0 7 27 73 73 87 13 7 0 0 60 0 0 0
0 3 69 37 11 0 19 26 57 52 67 13 7 6 0 26 4 4 8
0 1 80 35 4 0 10 20 66 57 74 7 4 2 0 29 2 1 8
0 0 90 33 0 0 5 38 62 62 90 10 5 5 0 24 0 0 5
9 8 70 17 15 1 20 31 48 45 53 14 6 8 0 40 2 5 4
5 4 85 14 9 1 11 27 56 54 63 6 3 2 0 45 3 2 3
18 0 82 24 12 0 12 29 53 71 71 6 0 6 0 35 0 0 6
2 5 92 3 3 2 5 27 40 44 58 13 2 0 1 13 10 2 2
1 3 96 1 2 0 2 21 39 50 71 6 0 0 2 17 5 1 4
0 7 100 7 7 0 0 33 60 73 93 7 0 0 0 0 13 7 7
14 8 58 41 16 1 26 45 39 64 62 2 2 1 0 29 1 6 5
10 3 74 44 12 1 13 44 36 72 70 0 2 1 0 34 0 3 4
11 5 74 53 11 5 11 47 37 89 84 0 0 0 0 32 0 5 11
11 8 62 48 24 3 24 46 41 54 65 2 1 2 1 29 1 2 4
9 4 78 49 25 1 10 47 38 63 73 0 1 2 0 31 1 2 4
9 5 82 64 32 5 9 59 55 82 91 0 0 0 0 23 0 0 9
4 3 65 37 27 2 18 32 57 48 65 15 0 1 0 21 3 1 5
2 0 74 36 23 2 9 23 61 52 72 9 1 1 0 22 1 1 5
6 0 53 47 47 0 6 35 59 71 76 12 0 0 0 24 0 0 12
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1 135 10 26 64 60 30 48 22 0 61 16 68 25
2 115 8 23 69 58 22 63 14 0 61 10 70 11
X 9 100 0 0 72 44 56 0 0 56 22 78 0
1 162 12 28 59 71 47 44 9 0 68 17 63 20
2 139 10 25 65 74 49 47 4 0 76 9 63 12
X 14 100 0 0 82 64 36 0 0 93 14 50 7
1 194 14 22 64 53 25 40 32 3 35 90 10 14
2 166 11 25 64 52 19 51 28 3 23 89 6 9
X 19 100 0 0 66 37 53 11 0 32 95 21 11
1 116 7 25 68 55 23 50 25 1 68 25 49 11
2 102 7 20 74 55 18 65 17 0 79 16 41 8
X 7 100 0 0 75 57 29 14 0 86 14 43 0
1 102 6 19 75 54 22 52 25 2 59 17 55 25
2 96 4 16 80 54 17 63 19 0 66 8 50 23
X 4 100 0 0 69 50 25 25 0 75 0 50 25
1 128 14 25 61 54 25 43 29 2 42 31 39 19
2 119 8 22 70 51 19 47 32 1 51 21 41 12
X 10 100 0 0 80 60 40 0 0 30 40 70 20
1 104 12 30 59 61 31 51 17 0 54 36 47 14
2 90 10 26 64 59 24 63 12 0 70 24 48 3
X 9 100 0 0 75 56 33 11 0 67 33 67 0
1 125 13 15 72 46 15 41 44 0 52 12 47 30
2 113 12 13 75 44 9 49 42 0 62 7 50 21
X 13 100 0 0 52 15 62 23 0 69 23 46 15
1 123 11 22 67 66 43 40 14 3 35 10 79 16
2 104 12 14 74 63 36 50 11 4 36 4 87 8
X 12 100 0 0 83 67 33 0 0 50 0 92 8
1 174 20 26 55 70 45 45 9 1 39 13 95 13
2 158 14 22 64 71 44 51 4 1 35 3 91 6
X 22 100 0 0 84 68 32 0 0 55 5 100 5
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Importance (index, %)
Practical use of pharmaceutical products utilizing
the antibacterial proteins and blood
anticoagulants obtained from insects.
Development of technology for the efficient
production of beneficial substances such as
medicines using cultured animal cells.
Practical use of cultivation and afforestation
technology in deserts using beneficial plants with
strengthened or supplemented resistance to
salinity, drought and cold.
Development of new materials for common daily
life items, such as glues and fibers from marine
organisms.
Development of a technology for producing drugs
etc. using the physiological functions of deep-sea
organisms existing at depths in excess of several
thousands of meters.
Widespread use of livestock breeding and
management technology that does not excessively
control feeding, exercise and sleep but does not
lead to a drop in productivity, and that is in line
with animal welfare requirements.
Widespread use of labor-saving and safe
technology for preventing livestock and fish
diseases using a delivery system capable of
delivering a recombinant vaccine to immune cells
that is effective at low doses.
Development of intelligent biosensors capable of
distinguishing complex tastes or smells through
elucidation of the insect sense mechanism at the
genetic level and development of technology for
imitating this.
Widespread use of transgenic pig organs capable
of overcoming ultra-acute rejection in cross-
species transplantation as an interim measure
until a human organ becomes available for
transplanting into a critically ill patient.
Widespread use of functional foods capable of
preventing lifestyle diseases according to
individual body characteristics.
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1 7 47 53 25 0 31 28 57 51 58 21 5 2 0 8 31 9 1
0 3 57 70 30 0 16 24 67 50 65 10 5 1 0 3 36 6 0
0 0 78 33 33 0 0 22 89 44 78 22 0 0 0 11 33 0 0
0 5 40 71 42 0 20 39 54 56 66 19 11 3 0 7 31 12 1
0 1 45 81 43 0 10 35 60 53 71 14 8 2 0 4 37 7 0
0 0 43 79 50 0 0 21 79 64 86 14 7 0 0 7 43 14 0
4 5 45 59 27 3 23 42 43 59 62 10 5 3 0 34 6 3 2
1 3 49 73 21 2 14 43 39 62 72 5 2 2 0 46 2 2 1
0 0 63 79 26 0 0 47 42 63 79 0 0 0 0 53 0 0 0
2 10 53 37 10 0 28 30 46 51 62 22 0 2 0 16 6 2 3
1 4 69 37 10 0 17 31 47 52 74 16 0 1 0 21 5 1 2
0 0 86 57 14 0 0 14 71 71 100 14 0 0 0 0 29 0 0
4 14 44 53 22 0 30 34 50 58 63 15 0 2 1 17 14 2 3
2 8 51 60 15 0 20 36 55 61 68 6 0 1 2 14 8 2 2
0 0 75 50 25 0 0 50 75 75 100 0 0 0 0 0 0 0 0
4 13 17 27 62 0 23 45 36 48 49 7 2 12 2 6 5 12 2
3 8 11 24 72 0 12 46 33 49 56 3 1 12 0 4 3 13 3
0 0 10 30 90 0 0 80 40 80 70 0 0 10 0 0 0 20 0
0 6 38 65 40 0 22 37 46 51 63 13 6 5 0 19 28 6 1
0 2 39 79 37 0 14 32 50 56 76 10 2 3 0 10 39 2 1
0 0 44 89 33 0 0 56 67 78 100 11 0 11 0 11 22 0 0
3 6 39 56 27 0 31 44 45 51 62 14 1 1 0 9 8 2 4
3 2 41 72 23 0 19 46 46 55 73 9 0 0 0 4 9 2 4
0 0 62 77 31 0 0 46 62 69 85 15 0 0 0 0 8 0 8
10 10 24 76 47 0 15 42 53 53 63 11 16 11 0 1 35 58 1
4 6 21 85 45 0 8 38 57 55 75 8 18 8 0 0 35 63 1
8 8 25 92 58 0 0 33 83 67 100 0 25 8 0 0 67 75 0
2 4 57 64 32 0 21 37 63 47 64 21 16 6 1 3 30 6 1
1 1 59 75 24 0 13 29 65 40 66 16 8 4 1 1 34 5 1
0 0 91 82 32 0 0 32 68 55 68 23 36 5 0 0 45 0 0
Forecasted realization time
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1 136 12 24 65 45 14 43 38 5 21 4 93 7
2 123 8 19 73 43 7 52 37 3 15 1 93 2
X 10 100 0 0 55 20 60 20 0 50 0 80 0
1 239 16 28 56 81 66 28 5 1 52 51 72 14
2 200 13 23 64 87 75 23 1 1 54 48 75 7
X 26 100 0 0 96 92 8 0 0 65 65 85 15
1 148 14 28 58 76 57 33 8 1 44 9 95 13
2 129 12 24 64 84 71 24 3 2 40 3 95 7
X 15 100 0 0 97 93 7 0 0 73 7 100 7
1 163 17 26 56 65 40 45 11 4 36 13 91 12
2 139 15 18 67 68 41 51 4 3 30 4 93 4
X 21 100 0 0 79 62 33 0 5 38 14 95 5
1 161 10 25 65 58 28 49 21 2 51 17 34 53
2 144 7 19 74 55 18 67 13 1 58 10 29 45
X 10 100 0 0 70 40 60 0 0 60 0 40 40
1 229 8 26 66 62 34 47 18 0 74 20 38 10
2 209 8 22 69 61 28 58 14 0 84 11 32 7
X 17 100 0 0 84 71 24 6 0 82 12 47 6
1 160 6 18 76 43 14 37 43 6 66 14 38 11
2 146 6 16 78 41 7 44 46 3 75 9 27 8
X 9 100 0 0 50 11 67 22 0 67 11 56 0
1 181 19 27 54 66 39 50 12 0 65 30 40 14
2 151 16 29 55 63 28 65 7 0 78 23 34 7
X 24 100 0 0 70 42 54 4 0 67 42 58 0
1 151 11 32 56 72 48 44 8 0 61 17 34 58
2 125 6 30 63 73 49 46 5 0 72 7 26 50
X 8 100 0 0 93 86 14 0 0 50 13 38 50
1 153 14 26 60 43 9 49 39 3 36 5 73 15
2 132 11 23 66 42 5 55 39 2 34 2 77 8
X 14 100 0 0 46 7 64 29 0 36 7 100 7
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Practical use of artificial sweeteners with exactly
the same sweetness (taste) and cooking
characteristics as sugar for use in diet foods.
Examination of the safety of genetically modified
farm products from both food and environmental
perspectives, and development of an evaluation
method that can gain the understanding of
consumers.
Development of food capable of supporting a
healthy aging society from a nutritional
perspective by preventing a decline in anti-
oxidation, brain and chewing functions.
Development of genetically modified food
including functional ingredients capable of
preventing hypercholesterolemia, hypertension
and hay fever.
Advances in the use of somatic cell cloning
technology following elucidation of the
mechanism by which highly differentiated animal
somatic cells take on all functions through nuclei
transplantation.
Widespread use of farming support systems that
utilize the Internet to provide remote diagnosis
and advice on the health of crops and livestock
and farm management.
Practical use of farming simulation systems such
as virtual farms that provide a virtual experience
of the latest agricultural, forestry and fishery
technologies to assist new farmers and improve
conventional farm management.
Widespread use of rapid diagnostic systems for
livestock and fish diseases based on the PCR
technique etc.
Development of technology capable of accurately
estimating high-order structures from primary
protein structures of protein, and freely designing
3-D structures with physiologically active
functions.
Practical use of general-purpose taste measuring
equipment provided with a taste sensor capable of
sensing taste ingredients and a texture sensor
capable of sensing.
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2 8 46 53 15 0 24 13 44 27 38 19 7 4 1 6 38 6 1
1 3 53 72 11 0 14 11 62 22 43 16 6 2 2 3 46 7 1
0 0 80 90 20 0 0 20 70 40 60 10 30 10 0 0 80 0 0
4 6 38 69 55 0 13 47 52 49 54 4 16 16 1 22 30 16 2
2 3 38 81 61 0 7 47 58 47 62 4 10 13 1 22 40 13 1
0 0 62 85 62 0 4 65 50 69 65 0 8 15 0 15 19 12 4
3 8 57 51 27 0 24 32 55 49 63 21 7 3 1 1 22 6 3
0 4 70 60 22 0 15 27 64 46 71 19 2 2 1 1 26 4 2
0 0 87 60 40 0 7 13 67 67 73 27 7 13 0 0 27 0 7
2 11 53 64 31 0 18 32 54 50 56 18 16 7 2 8 40 11 1
1 7 63 75 22 0 12 29 65 52 65 16 9 4 1 2 54 10 1
10 0 71 90 24 0 5 29 62 76 71 24 10 5 0 0 52 14 5
2 8 42 65 65 0 17 47 32 53 63 7 13 11 1 15 33 54 1
0 4 39 80 68 0 6 51 31 51 70 6 9 8 1 11 28 63 1
0 0 70 90 100 0 0 40 30 70 80 10 10 0 0 0 20 90 0
0 2 38 65 28 0 21 45 47 35 37 30 7 3 1 4 6 6 5
1 0 44 76 20 0 12 48 55 32 38 25 4 1 0 3 5 5 2
0 0 71 88 29 0 0 65 47 53 53 24 6 6 0 6 6 24 12
4 7 33 37 16 0 38 37 43 38 42 19 4 1 1 4 4 7 5
2 5 44 49 10 0 27 33 51 36 51 12 2 1 1 2 3 6 3
0 0 89 67 22 0 11 44 33 44 44 33 0 11 0 0 11 11 11
1 3 49 67 38 1 22 37 52 45 57 17 2 1 1 3 11 4 2
1 1 54 81 36 0 9 31 58 43 67 12 1 1 1 3 13 3 2
0 4 79 92 42 0 0 33 67 46 63 13 8 4 0 4 21 4 0
2 8 40 81 45 0 12 49 41 58 70 11 1 1 0 3 12 6 1
1 6 35 87 38 0 7 47 34 64 79 6 1 0 0 0 14 2 2
13 0 63 88 63 0 0 50 38 75 88 0 0 0 0 0 13 13 0
3 7 60 29 18 1 25 29 50 44 54 15 1 0 0 1 9 6 4
0 2 79 22 11 0 14 20 58 40 58 10 2 0 0 0 10 5 5
0 0 79 36 36 0 7 21 64 43 64 14 7 0 0 0 7 7 14
Forecasted realization time
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1 163 10 25 65 56 29 40 28 3 21 10 94 5
2 138 9 20 71 57 24 56 18 1 17 6 99 4
X 12 100 0 0 60 25 67 8 0 42 17 100 8
1 212 11 22 67 70 45 44 10 0 53 86 18 16
2 186 7 20 73 72 48 46 6 0 53 90 13 10
X 13 100 0 0 85 69 31 0 0 69 85 23 8
1 148 8 20 72 79 60 36 4 0 47 90 33 14
2 142 7 15 77 86 72 26 1 0 37 92 26 8
X 10 100 0 0 95 90 10 0 0 40 90 50 0
1 195 9 29 62 77 58 36 6 0 32 86 48 10
2 178 6 26 67 83 68 28 3 0 23 91 40 5
X 11 100 0 0 89 82 9 9 0 27 91 55 0
1 179 8 22 69 77 59 30 11 1 30 83 55 10
2 162 5 19 77 86 74 24 2 0 20 90 54 4
X 8 100 0 0 84 75 13 13 0 13 100 63 13
1 180 8 25 67 80 63 31 6 0 25 73 69 21
2 157 4 19 76 87 75 22 3 0 18 80 69 13
X 7 100 0 0 86 71 29 0 0 0 57 86 0
1 147 6 13 81 48 18 42 37 3 16 29 82 29
2 129 5 12 83 50 15 57 28 1 11 25 88 17
X 6 100 0 0 67 33 67 0 0 0 33 100 0
1 239 6 19 74 55 28 41 27 5 40 22 80 5
2 227 5 16 79 54 22 54 20 4 37 12 86 4
X 12 100 0 0 83 67 33 0 0 58 17 92 0
1 205 10 22 67 79 62 31 7 0 39 21 89 7
2 194 7 21 72 86 74 24 2 0 30 11 93 2
X 14 100 0 0 93 86 14 0 0 71 14 100 0
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Practical use of home-use food testers capable of
instantaneously measuring the level of
bacteriological contamination of foods.
Practical use of global monitoring systems that
constantly monitor changes in agriculture,
forestry and fisheries resources and environment
through advances in high-resolution remote
sensing technologies.
Elucidation of the mode of action of “forest
bathing” that gives favorable effect on human
physiology and psychology from the surrounding
environment.
The number of holidays taken by urban dwellers
increases, and many take advantage of their
holidays and time off to engage in farming as a
second job.
Integration of food safety administration, and
establishment of forums for extensive discussions
on food safety and effective use of feedback for
administration.
Practical use of technological structures and systems
for the proper use of forests while preserving the
forests and their functions (maintenance of
biodiversity, environmental purification, and provision
of scenery and comfort).
Widespread use of environmental repair
technology capable of cleaning the pollution of
closed water areas, such as Kasumigaura, to
prewar levels using organism and ecosystem
functions.
Development of factories that purify river water
by fixing bacteria that breakdown dioxin and
other endocrine disrupters in carriers such as
porous charcoal.
Elucidation of the mechanism by which the toxicity of
endocrine-disrupting chemicals is manifest and its
effect on reproductive functions, behavior, brain
functions, immune functions, etc., and the
establishment of safe limits for humans and livestock.
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7 10 38 40 25 0 40 21 49 39 55 28 4 2 1 4 13 5 4
5 6 48 55 18 0 30 18 54 37 63 23 3 3 1 1 16 4 3
8 0 83 75 42 0 0 25 58 33 67 8 8 8 0 0 33 8 0
1 3 34 80 24 0 13 42 50 57 66 10 3 1 1 7 6 7 4
0 1 31 90 18 0 6 33 56 61 77 8 4 2 0 9 5 4 2
0 0 46 100 15 0 0 46 62 62 77 0 8 0 0 15 8 0 8
3 11 37 34 41 3 31 48 45 61 56 7 7 13 1 9 4 1 3
1 4 42 37 51 1 22 51 39 68 60 4 5 9 0 8 2 1 2
0 0 30 50 40 0 10 80 20 60 50 10 10 0 0 10 10 0 0
8 11 59 33 34 1 19 43 52 62 66 10 4 14 0 15 4 1 3
4 6 72 31 34 0 11 38 54 71 73 6 3 13 0 13 2 2 2
18 0 100 36 36 0 0 36 73 82 100 9 0 0 0 9 18 9 0
3 7 50 41 32 0 24 39 50 61 68 19 2 6 1 16 3 1 2
1 2 69 49 31 0 13 33 57 63 76 14 0 6 1 14 2 2 1
0 0 100 63 38 0 0 25 75 88 88 13 0 0 0 0 13 13 0
1 9 35 68 45 0 18 51 42 64 69 7 2 9 1 8 9 6 3
0 3 32 83 50 1 9 50 39 67 78 4 1 8 0 5 5 4 3
0 0 57 86 57 0 0 29 29 43 86 0 0 14 0 14 29 0 14
5 12 35 29 37 1 33 42 31 50 52 4 1 2 1 5 7 3 2
2 6 50 31 50 0 22 41 28 60 64 2 2 1 1 5 5 1 3
0 0 50 50 50 0 0 17 50 67 67 0 0 0 0 17 0 0 0
14 10 30 16 36 2 35 23 19 11 10 21 52 11 1 6 4 6 3
9 5 36 11 46 2 27 24 17 8 7 18 67 5 0 5 2 4 3
0 8 67 8 42 8 8 58 42 8 25 17 67 8 0 8 0 0 8
5 13 23 43 38 0 27 32 39 18 15 4 35 33 2 3 11 6 3
2 10 25 54 49 1 20 35 50 14 8 2 41 34 1 2 11 4 2
0 7 50 79 64 0 0 36 64 29 14 0 50 21 0 0 14 7 0
Forecasted realization time
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7. Survey results in “Marine science and Earth science”
7.1. Trends in noteworthy domains
7.1.1. Noteworthy domains in marine science and earth science field based on 30-year outlook
When interpreting questionnaire replies of a technology forecast survey like this, one must be aware
of the limitations of the method. Namely, to formulate a questionnaire, the forecaster is forced to break
down science and technology into relatively simple units by, where necessary, separating matters that are
integral parts of a whole and cannot be understood accurately, if isolated.
As a matter of fact, planet Earth and human activities that take place on it form a “seamless network
system”, and should be discussed in the context of a set of premises according to the modern scientific
approach. Despite talk of “an era of the ocean”, it is essential that global-level policy measures and
lifestyle implications on the global environment be looked at from the viewpoint of recognizing that the
atmosphere, hydrosphere, geosphere (lithosphere) and biosphere function as part of a complex system of
interaction - which also incorporates the human living sphere - against a background of the population
problem. When analyzing questionnaire replies, therefore, it is necessary to take a general, comprehensive
and bird’s eye view-type perspective despite the effectiveness of a bias towards the unit-by-unit approach
as a survey technique. Otherwise truly effective global policy measures or useful trends cannot be obtained.
Based on this understanding, a brief overview of some “noteworthy domains” in and around an area
carved out as the “marine science and earth science” field will be provided below, followed by more
detailed comments by experts on individual domains.
In essence, the technological aspects of the modern view of the Earth and modern civilization debate
boil down to the following four parameters: 1. environmental change; 2. sustainability (resources and
lifestyles); 3. safety; and 4. forecast.
While some may have reservations about the inclusion of the fourth parameter, most would agree on
the need to scrutinize forecastability, covering unforecastable as well as forecastable areas, in light of the
nature of the survey as a future forecast survey. Instead of focusing solely on success scenarios built on
science and science/technology as a fruit of human endeavor as in the case of the conventional approach,
this stance seeks to shed light on the roles that areas considered “unelucidated”, “unknown”, “currently
impossible”, etc. play in the “civilization debate”. However, since this kind of thinking is still quite novel
in questionnaire surveys, it is very difficult to talk about its actual application at this stage. For this reason,
it is presented here only as an alternative view.
First, let us look at undersea methane hydrate deposits as a global phenomenon that encompasses all
of the above four parameters. Although it is only in recent years that detailed evidence of their widespread
existence has come to light, there is no doubt about the crucial role they have been playing in global
environmental change based on paleoclimatological evidence. In essence, undersea methane hydrate
deposits constitute a global phenomenon involving multiple factors encompassing living organisms, water,
the atmosphere and temperature, so it is necessary to elucidate them by quantifying their global
environmental significance as much as possible, rather than just engaging in arguments that concentrate on
their development, resource potential or even the prevention of their dissipation through gasification. This
is why “forecastability” assessment techniques are important for “science and technology”. The
technology/technique to fix CO2 and related materials in the atmosphere or seawater uses the opposite
reaction process, and can also be a double-edged sword depending on how it is seen against a background
of changing global conditions.
Apart from being very large in surface area and volume (capacity), the sea, including the ocean floor,
which holds all that water, forms a complex system, and science has only just begun to scratch its surface.
In consideration of the time factor, which results from the need to ascertain dynamic behaviors, the sea
will become an even greater subject for science and science/technology in the future. Against a
background of population explosion and the resulting shortages of living space, as well as the emergence
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of water-shortage areas as a consequence of accelerating global warming, the improvement, expansion and
dissemination of seawater desalination technology will become an important research area on which the
survival of the human race and the maintenance and creation of a sustainable environment will virtually
depend. It looks certain that subsequent surveys will include many more topics relating to this technology.
Although science and technology relating to heavy industries or the agricultural, forestry and
fisheries industries, which makes direct contributions to production activities, is placed in a different
category from marine science and earth science in the survey, it can include environmental topics dealing
with the environmental engineering aspects of the establishment of production sites and its impact on the
environment. For example, as resource limitations and tighter controls on open sea (deep sea) fishing loom,
we will be forced to redirect our attention back to coastal waters as a source of fisheries resources in the
future, thus necessitating the diverse development of related technologies. The reconciliation of the
utilization of beaches and other areas that provide land-sea interface and environmental protection will
require the introduction of fully ecologically-aware technologies, rather than advanced technologies, and
such technologies deserve to be chosen as a noteworthy domain. As the availability of nutrition and
sunlight, which are essential for the survival of fishery resources, depends greatly on the presence of deep
water and the penetration of light rays - namely the depth - there should be many innovative topics that
relate to environmental creation technology in the form of optimum “depth creation”.
The rising sea level, which is one of the most prominent phenomena arising from global warming,
has become an oft-talked-about subject. Nevertheless, how to monitor this threat and work out a solution
to it has not even been investigated in Japan, as its global warming alleviation measures mostly focus on
cutting CO2 and other greenhouse gas emissions. This approach could one day be looked back on as a
major policy failure with great regret.
Without jumping to conclusions, there is now little doubt about the rise in the atmospheric
concentration of CO2 in light of observation data, whether it be artificial or natural in origin. In the face of
this, the most scientifically responsible approach would be to prepare for a rise in sea level as an inevitable
consequence, especially in light of the possibility of an unexpected acceleration in this phenomenon. It is
therefore advisable that as well as continuing with the existing technical, political, economic and social
measures geared towards investigating the cause of the rise in the atmospheric CO2 concentration and
reducing anthropogenic CO2 emissions, the Government enhance the observation system and make it a
policy priority to construct and upgrade nationwide sea embankments through a concerted effort of
government ministries, industries, etc. as soon as possible while giving due consideration to ecosystems.
Most desirably, such policy initiatives should be followed up by scientists’ recognition of
corresponding tasks in coastal science and technology as the most noteworthy domains or urgent and
important topics for the 21st century. It is hoped that in the next survey, this issue will be properly covered
not only in the “marine science and earth science” field but also in other fields.
Activities geared towards expanding the utilization of the biochemical functions of microorganisms,
either marine or land-based, look set to make great progress in the future in conjunction with genetic
engineering. As these activities encompass diverse fields, consideration should be given to selecting
survey topics primarily on the basis of their significance in the overall context, instead of focusing on
survey techniques. Without doubt, this tendency will be particularly strong with issues such as natural
resources, energy, safety and bioethics. In this regard, it is essential that the science and technology policy
stance be made clear in conducting a technology forecast survey, or the entire exercise may come to
nothing. What is needed is a departure from the traditional attitude and mindset, which favors breaking
down the whole into elements and drawing field demarcations through vertical specialization - namely the
establishment of the “modern view of the Earth”, which pays due attention to complexity and totality, as
the guiding principle of the survey.
(Takashi Hamada)
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7.1.2. Future of development technology of sea and submarine mineral and energy resources
Before forecasting the future of undersea mineral and energy resource development technology, it is
necessary to forecast the future of undersea mineral and energy resources.
As humans live on land, they initially obtained their mineral and energy resources exclusively from
the land. Later, they began developing undersea resources where land-based deposits continued on to the
ocean floor. Today, numerous undersea deposits that are not a continuation of a land-based deposit are also
developed. However, as the geological environments of these undersea deposits are no different from land-
based deposits, their discovery and development have not increased our geological knowledge.
Undersea deposits that are independent of any land-based deposits include deep sea deposits which
consist of: ferromanganese nodules, cobalt-rich crusts, and submarine hydrothermal polymetallic deposits
(minerals); and methane hydrate deposits (energy).  Of these, ferromanganese nodules and cobalt-rich
crusts have been known to exist since the voyage of the Challenger in the late 19th century, but did not
attract economic interest until after World War II.  Submarine hydrothermal polymetallic deposits, on the
other hand, were discovered during a submarine survey conducted from 1978 to 1979, taking the world by
storm.  Although the first methane hydrate deposit was discovered on land (permafrost), subsequent
discoveries came from the sea floors of the Black Sea and Caspian Sea around 1970, with methane
hydrates recovered from deep sea floor sediments - as expected - during test drilling in 1979. If these
discoveries, all made in the last 30 years, are any guide, it is impossible to predict what kinds of resources
may be discovered in the next 30 years. Predictions about the presence of methane hydrate deposits in
deep sea floor sediments preceded its confirmation by about 10 years, and this illustrates the importance of
identifying signs pointing to the existence of deposits with other resources. Unfortunately, however, no
such signs exist at present. This means that although there is a possibility that new kinds of resources will
be discovered in the next 30 years, we are in no position to forecast it.
Let us now move to resource exploration technologies.  Exploration is actually easier on the sea floor
and under it than on land.  One reason is that exploration targets deposits that depend on large geological
structures, as those depending on small geological structures are not worth developing even if they are
discovered.  A more important factor, however, is that the sea floor has far fewer obstacles to exploration
than are found on land.  For example, seawater is more uniform than air in both temporal and spatial terms,
so that physical exploration data, etc. are subject to smaller correction terms.  In this sense, resource
exploration in marine areas has to center on geophysical techniques.  Although technological development
in this area has been making rapid progress, it is for this very reason expected to take an evolutionary
rather than revolutionary course in the future - through gradual improvements in exploration accuracy
made possible by improvements in existing technologies.  In some cases, geochemical or geological
exploration will also be needed.  As these techniques require sample taking, their progress will depend on
the development of sample collection technology.  Namely, the development of a technology capable of
collecting samples swiftly and with positional repeatability should lead to a major improvement in
geochemical/geological exploration in marine areas.
Let us now move onto the future of marine mineral and energy resource development technology.
Until now, technological development relating to the recovery of marine resources beset with the same
geological conditions as land resources has centered on how to overcome depth, and this trend will
continue in the future. At present, it is with oil and natural gas that offshore development has made the
greatest advancements. This is attributable to the fact that both resources are fluids and therefore
recoverable using a well. Although offshore coal mines have also been developed, development sites have
been limited to those that are close enough to land to allow access via a tunnel or those that are shallow
enough to allow access via an artificial island. This is attributable to the fact that coal is a solid. The
recovery of offshore coal will largely depend on gasification technology. Offshore mineral resources that
are beset with the same geological conditions as land-based counterparts have not been developed,
because they are not profitable at present. Namely, constraints are economical rather than technical.
At one stage, research into the deep sea mineral resources of ferromanganese nodules and cobalt-rich
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crusts was actively pursued, but it has since lost steam. There are two main reasons for this. First, the
development of a technology cable of reducing costs to profitable levels is difficult. Another obstacle to
technological development is the necessity to keep marine pollution to an absolute minimum. This
situation is unlikely to change for the next 20 to 30 years. The development of a recovery technology for
submarine hydrothermal polymetallic deposits has not even begun due to a lack of a large-scale deposit
that is worth exploiting. Whether technological development is ever to be undertaken depends solely on
the discovery of a large-scale deposit. Great expectations are pinned on undersea methane hydrate deposits
as an alternative resource to be harnessed in the event of the exhaustion of oil and conventional natural gas.
For this reason, recovery technologies are being actively researched. If future exploration establishes that
methane hydrate deposits live up to expectations, the development of recovery technologies will accelerate,
and methane hydrate-derived natural gas will be in use in 30 years’ time. However, if they fall short,
research into recovery technologies will cease altogether.
While undersea methane hydrates are being hailed as an energy source for the near future, they have
also raised concern over their impact on the global environment, as methane is a greenhouse gas far more
potent than carbon dioxide, the main greenhouse gas on which multidisciplinary research efforts geared
towards controlling atmospheric concentration have focused. Namely, the exploitation of undersea
methane hydrate deposits could exacerbate global warming by allowing some methane hydrate to leak into
the atmosphere. On the other hand, the discovery of methane hydrate deposits under the deep sea floor has
presented a potential carbon dioxide sequestration technology that could be used to reduce the atmospheric
concentration of the gas. Namely, if carbon dioxide is injected into deep sea subsurface layers endowed
with physicochemical conditions favorable for the existence of methane hydrate, it may form carbon
dioxide hydrate, thus allowing its sequestration. For this reason, attention needs to be paid to the following
technologies as part of the major technological trends for the mid-term future 10 to 30 years from now: 1)
technology to prevent the aggravation of global warming involving methane leakage; and 2) technology to
sequester carbon dioxide under deep sea floors as hydrates.
The utilization of various minerals contained in seawater is another possibility. As well as kitchen salt,
sodium chloride (NaCl) recovered from seawater is currently used as a raw material, either in the form of
industrial sodium chloride or sodium. Magnesium oxide (MgO) is synthesized from magnesium contained
in seawater for use as a heat-resistant material. In the past, the recovery of uranium from seawater was
investigated, but the discovery of high-quality uranium deposits and a decline in investment in nuclear
power generation led to the termination of the research before reaching the commercialization stage.
Seawater also contains other minerals, and there is a fair possibility that yet-unharnessed minerals, such as
lithium, may be extracted in the future as a result of technological progress.
Since the energy crises of the 1970s, research into technologies aimed at utilizing physical
phenomena involving the ocean as renewable energy sources, such as OTEC (ocean thermal energy
conversion) power generation and tidal power generation, has been pursued, with some of the technologies
put to practical use under limited conditions. It will be interesting to see how much progress has been
made in these technologies in the future as part of global warming mitigation efforts.
(Tetsuya Shoji)
7.1.3. Important tasks in marine science field looking 30 years into future
Few would disagree that the importance of the ocean, which covers 70% of the Earth’s surface, will
further increase in the future from various perspectives, including the global environment, energy,
biological resources, economic development and national security. The sustainable development of the
200-mile exclusive economic zone (EEZ) is regarded as the key strategy to promote the national interest
for each country.
Looking 30 years into the future, oft-talked-about important tasks are discussed below from each of
the above perspectives.
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From the global environmental perspective, the practical application of CO2 discharge technology
into the ocean has become an important task. Technological development is being pursued on a broad front,
targeting several methods including liquefaction, injection into the sea after dilution, deposition on the sea
floor after solidification as dry ice, and discharge on deep sea floor after hydration. The environmental
impact of due to CO2 discharge on the ocean environment near discharged sites is also an important
research task. In light of the waste disposal problem mainly for industrial waste that all developed
countries face amid severe shortages of landfill sites, such as coastal reclamation sites, which are
increasingly blamed for the disappearance of tidal flats and the resulting diminishment of the self-
recovering capacity of the natural environment, the use of ocean-floor plate subduction zones is being
looked at as an alternative waste disposal site for the long term. Investigating its feasibility will therefore
become an important task. Against a background of relentless population growth, there is a strong
likelihood that calls for the development of floating cities will increase in the future, but this would lead to
an increased burden on the environment due to the consumption of oil-derived energy, generation of
household wastewater, and the like. In this regard, hopes are pinned on the emergence of an “eco-float”, a
gigantic marine floating structure which relies on renewable energy and is equipped with a waste disposal
system.
From the perspective of energy, the development of methane hydrate, a potential energy source
believed to be widely distributed inside Japan’s EEZ, will be very important. At present, a survey aimed at
estimating Japan’s methane hydrate reserves is underway. In 30 years’ time, the practical utilization of
methane hydrate development technology will become one of the most important tasks. The establishment
of a development technique that gives due consideration to economic viability is awaited. Given that
reasonable transportation costs hold the key to an expansion in the use of natural gas, which is much
desired from the viewpoint of CO2 emissions reduction, the development of both a submarine pipeline
network as a means of transport and practical utilization of hydrated natural gas transport vessels will
become important tasks. Communications and power cables can be attached to submarine pipelines, and
this will also emerge as an important task relating to the development of a submarine pipeline network. In
the future, the use of Mega-Float, a gigantic floating structure geared towards utilizing the space above the
sea, is expected to be actively pursued. This will make the construction of renewable energy power
generation bases on the decks of mega-floats to take advantage of their enormous surface areas an
important task in terms of offering an environmentally-friendly alternative to the solution to the energy
problem.
From the perspective of marine biological resources, the rational management of fisheries resources
as food sources and protection of marine ecosystems will become important tasks. In concrete terms, these
will center on the establishment of ecological monitoring technologies for migratory fish and development
of in-situ observation technologies for deep sea organisms (including deep sea subsurface organisms).
From the viewpoint of a fisheries revolution as a “creative destruction” process, an investigation into the
feasibility of a technology to convert neutriant poor ocean surface waters into ocean ranches through the
utilization of deep ocean water based on Stommel’s permanent upwelling will become an important task.
From the perspective of economic development, attention will focus on ocean transportation. While
the world has entered an era of 15,000 TEU container ships amid acceleration in vessel upsizing aimed at
reducing marine transportation costs, the development of a 30,000 TEU container ship will become an
important task in the future, as well as the development of a fully automated ship capable of navigating
from a harbor to another without human intervention. The development of a Mega-Float port will also be
an important task which need not worry about the water depth limitation. A Mega-Float port has the
potential to realize the dual port concept through the integration of a floating airport and seaport. In view
of the importance of submarine tunnels as a means of transport, the construction of a Japan-Korea
submarine tunnel will be an important task as well. It could eventually be connected onto the Siberian
Railway, thus raising the possibility of a New Orient Express running all the way from London to Tokyo.
If a dual port were constructed on Tsushima Island, it could become an important hub port for rail, sea and
air transportation, and this makes it an important task to put a triport to practical use.
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According to a broader definition of the term, national security includes everything that relates to
national interest, encompassing disaster protection, energy/food security, environmental protection, and
the like, as well as sea lane control and pirate defense.  Concentrating on items that have not been covered
under other perspectives, national security is now discussed.  Firstly, the development of a network of
submarine cables designed to monitor the EEZ will become an important task.  Submarine cables will be
fitted with various sensors, and the development of a hydrophone network for EEZ monitoring will be
crucial.  The development of a global-scale ocean measurement system will also be an important task. The
system will involve a point-and-line observation network that combines large platforms, buoy systems and
autonomous underwater vehicles (AUVs).  Alongside a global-scale ocean measurement system, the
development of a highly reliable Earth simulator that is capable of predicting global-scale
meteorological/oceanographic fluctuations and climatic changes and useful for the management of marine
biological resources will become an important task.  Whereas a global-scale ocean measurement system is
a tool of real experiments, an Earth simulator is a tool of virtual experiments.  After the deep sea, the deep
interior of the Earth will be left as the last frontier of exploration. For this reason, the development of a
technology to drill into the sea floor to depths of up to 4000 m is an urgent important task.  The
development of in-situ measurement systems to measure physical, chemical and biological quantities
under the extreme environments of the interior of the Earth is also important.  Another important task is
the development of a position detection system for the EEZ based on the concept of an undersea global
positioning system (GPS), along with the development of an undersea geographical information system
(GIS) which handles all ocean information and ocean floor topographical information for the EEZ.
(Hisaaki Maeda)
7.1.4. Maintenance/bolstering of observation structure, advances in information technology and
verification of “global warming” issue
(1) Earthquake prediction and minimization of earthquake damage
The Great Hanshin-Awaji Earthquake of 1995 exposed the vulnerability of overcrowded megacities.
Although the time frame for the realization of earthquake prediction has been pushed back further into the
future, the earthquake observation structure has been bolstered, and tsunami forecasting has entered the
practical utilization stage. In addition to the boosting of the earthquake resistance of individual buildings,
calls for policy initiatives such as the dispersion of overcrowded megacities, creation of more open spaces
in residential areas and alleviation of the inconvenience of long-distance commuting will grow in the new
century for the sake of both earthquake preparedness and a more pleasant living environment. Advances in
information technology and other developments are increasing the technical feasibility of these measures.
(2) Weather forecasting
The accuracy of short-term weather forecasts up to about a week ahead has vastly improved, so much
so that torrential rains and other weather-related natural disasters rarely catch us by surprise nowadays, as
long as we pay attention to weather forecasts. Although the improvement in the accuracy of weather
forecasts owes much to advances in information technology, the maintenance and bolstering of the
observation structure has been at its heart. In contrast, long-term forecasts more than a month ahead have
not succeeded in achieving a practically acceptable accuracy, particularly in relation to providing
important information for food production, such as drought or frost damage, and will continue to be an
important task in the new century.
(3) Avoidance of environmental destruction
Amid unease about international disputes and ethnic strife, we have entered the new century, with
international public opinion preventing them from developing into a major war. “Global warming”
forecasts made in the last century will begin to be tested later in the first half of this century, along with
the effectiveness of the resource and energy management measures proposed to combat it. In the course of
this process, our scientific understanding of climate will advance, and will help improve the accuracy of
long-term weather forecasts. Although it might also lead to the formulation of climate modification plans,
this would require careful study and monitoring, as it could cause a new type of environmental destruction
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as a side effect. If humankind succeeds in avoiding the feared global environmental catastrophe and
keeping war as a major cause of environmental destruction at bay through international cooperation, it will
be able to reap the rewards of a sound and healthy global environment.
(Taketo Maruyama)
7.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Marine science and Earth science field
Domain
Objective
Sea surface/
oceanographic
and atmospheric
circulation
Sea-land interface Water mass/circulation
Ocean floor (sub-
bottom) region
Marine observation, forecasting,
monitoring and surveying
(elucidation of phenomena,
ascertainment of facts, and
prediction/forecasting)
01 02 03 04 05 06 07 08 09
10 11 12 13
14 15 16
Protection/creation of marine
environment
17 18 19 20 21 22 23 24 25 26
Marine resources, energy and
space utilization
27 28 29 30 31 32 33 34 35 36 37
Domain
Objective
Atmosphere
Atmosphere-
geosphere
boundary
Crust Interior of earth
Earth observation and forecasting
(elucidation of phenomena,
ascertainment of facts and
prediction/forecasting)
38 39 40 41 42 43 44 45
46
47 48
Protection/creation of global
environment/safety
49 50 51
Natural disaster
prevention/preparedness
52 53 54 55 56 57
Common/other
(marine/earth science)
58 59 60
<Peripheral topics such as social systems>   61 62 63 64 65
7.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.
Degree of importance index scores averaged 63.6 for topics in the “marine science and earth science”
field as a whole. Topics judged to be particularly important to Japan (top 20 topics in terms of degree of
importance index score) are listed in the table below. While the topic rated most important related to the
earthquake prediction, those relating to environmental protection and fisheries resources also featured
relatively high on the list.
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Table 3.7-1   Top 20 topics in terms of degree of Importance
Topic Importanceindex
Forecasted
realization time
55:Development of technology capable of forecasting the occurrence of
major earthquakes (magnitude 7 or above) several days in advance. 95 2024
51:Establishment of a method for evaluating the safety of the underground
disposal of high-level radioactive wastes. 92 2016
63:Formation of a global consensus regarding international regulations on the
emission of carbon dioxide and other greenhouse gases that cause global
warming, including reductions in developing countries.
89 2013
13:Elucidation of the mechanism of replacement of dominant fish species
such as horse mackerel, sardine, saury and mackerel. 89 2016
57:Realization of time-series observation of the condition of magma inside
volcanoes. 88 2019
27:Widespread use of technologies for the comprehensive use and
conservation of entire bays with high utilization densities, such as Tokyo
Bay, Osaka Bay, etc.
85 2014
40:Nationwide installation of bore-hole-type observation equipment
integrating various types of gauges (e.g., seismometers, tiltmeters, and
strain-gauges) for use in earthquake forecasting.
83 2016
53:Practical use of technology for predicting and forecasting landslides and
rockslides caused by intense rainfall in certain locations in Japan. 82 2015
15:Practical use of technologies based on large-scale numerical models for
forecasting changes in the global oceans, including fishery resources. 81 2018
22:Widespread use of technology for preventing the occurrence of red tides. 81 2014
14:Practical use of technologies for predicting and forecasting changes in the
ocean currents in  the adjacent seas around Japan. 81 2014
60:Practical use of technology for utilizing methane hydrate. 81 2018
01:Practical use of Tsunami forecasting systems based on tide and Tsunami
observation through satellites along with other data including coastal
topography.
79 2009
38:Establishment of dynamic methods for long-term (1–6 months ahead)
weather forecasting. 78 2015
61:Inauguration in Japan of global science and technology educational
organizations in the broad sense, in order to foster international scientists
and technologists contributing to conservation of the global environment,
development and maintenance of global resources, etc.
78 2011
46:Development of composite material with a purifying function to be placed
between industrial waste treatment plants and the surrounding area as a
buffer.
76 2017
45:Elucidation of the series of processes relating to the generation, rise,
accumulation, and extrusion of viscous magma. 74 2019
62:Adaptation of natural history and scientific education methods to hands-
on science museums capable of developing scientific skills in an enjoyable
and playful atmosphere, and their spread throughout Japan.
72 2011
17:Practical use of inexpensive antibiofouling agents that substitute for
organic tin compounds. 70 2009
23:Practical use of technology for multiplying bacteria that break down
environmental pollutants, such as oil-dissolving bacteria. 70 2014
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7.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. Approximately 60%
of all topics in the marine science and earth science field were forecasted to be realized between 2011 and
2015, with the peak of the distribution lying approximately at the same location as the general trend
combining all fields.
Figure3.7-1   Forecasted realization times
7.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. In the marine science and earth science field, Japan and the U.S. were chosen as the leading
country by about equal numbers of respondents. Japan and the U.S. outscored the third-ranked EU by
about three to one.
Figure 3.7-2   Current leading countries (%)
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7.6. Comparison with the 6th survey
Of the 65 topics included in the latest survey, 37 were carried over (content identical to the previous
survey), 18 were modified (content partially changed from the previous survey) and 10 were newly
introduced. The percentage shares of these topics were 57, 28 and 15, respectively. For carried-over topics,
findings in the latest survey concerning degree of importance index scores and forecasted realization times
were compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score rose for 6 topics, fell for 28 topics and remained
unchanged for 3 topics.  The forecasted realization time was brought forward for all topics, except topic 58,
whose realization time was unchanged. Significantly, the forecasted realization times of topics 42 and 50
were brought forward by about 10 years.
Table 3.7-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
01:Practical use of Tsunami forecasting systems based on tide and Tsunami
observation through satellites along with other data including coastal
topography.
79 / 2009 91 / 2007
03:Development of methods for accurately calculating the amount of heat
transfer in the water cycle of evaporation, cloud formation and rainfall
over the oceans.
59 / 2013 69 / 2008
04:Practical use of satellite remote sensing technology capable of yielding
precise information on water temperature, currents,. and chlorophyl
concentration to 200 m depth.
62 / 2014 76 / 2009
05:Practical use of automatic observation systems which are installed in
open waters and are capable of long-term (a few years) monitoring of
marine phenomena and conditions from the vicinity of the sea surface
down to 6,000 m depth.
62 / 2013 70 / 2008
06:Practical use of 3-D image processing systems capable of identifying
micro-organisms (bacteria, plankton, etc.). 47 / 2013 59 / 2008
07:Development of sensors capable of accurately identifying the shape of
objects under water at distances of several hundred meters. 48 / 2012 53 / 2007
08:Widespread use of high-technology survey vessels exclusively
specializing in geological, geophysical, physical or biological
oceanography, in addition to the multi-functional survey vessels
currently in vogue.
67 / 2013 69 / 2009
09:Widespread use of ocean observation systems employing continuous
acoustic tomography. 53 / 2012 60 / 2009
11:Practical use of unmanned, untethered submersibles for collecting
abyssal specimens. 56 / 2011 63 / 2008
14:Practical use of technologies for predicting and forecasting changes in
the ocean currents in  the adjacent seas around Japan. 81 / 2014 85 / 2011
20:Initiation of long-term, comprehensive observation on an international
basis, and elucidation of the formation mechanism of coral reefs which
fix carbon dioxide.
49 / 2013 57 / 2011
21:Advancement in the development of sea water decontamination systems
such as decontaminating concrete blocks and bio-filters, and widespread
use of water amenity space creating technologies.
66 / 2011 70 / 2008
24:Practical use of highly reliable automatic observation systems located
on the ocean (open sea) capable of monitoring marine pollution on a
long-term basis (at least one year) without maintenance.
65 / 2013 67 / 2012
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
27:Widespread use of technologies for the comprehensive use and
conservation of entire bays with high utilization densities, such as Tokyo
Bay, Osaka Bay, etc.
85 / 2014 80 / 2013
28:Practical use of ocean cities (bases for transportation, communication,
research, production and recreational activities)  mainly of the legged or
floating structures.
57 / 2015 60 / 2013
29:Practical use of on-site inspection, diagnosis, and maintenance
technology for marine facilities. 58 / 2012 63 / 2009
30:Widespread use of marine ranches with optimal environmental
management through incorporation of biological system technology and
a wide range of engineering technology.
63 / 2018 66 / 2015
31:Development of revolutionary drag-reducing technology for
underwater/surface vessel , such as the use of active skin to cover the
surface of the hull.
53 / 2015 54 / 2013
33:Practical use of autonomous three-dimensional navigation systems for
underwater vehicle. 50 / 2013 50 / 2009
39:Practical use of unmanned planes for typhoon observation and air
sampling. 55 / 2014 63 / 2011
40:Nationwide installation of bore-hole-type observation equipment
integrating various types of gauges (e.g., seismometers, tiltmeters, and
strain-gauges) for use in earthquake forecasting.
83 / 2016 86 / 2011
41:Widespread use of non-invasive (non-destructive) geological inspection
equipment which allows the 3-D structures of strata, rocks, and fossils to
be identified from meter-size CT images.
46 / 2015 46 / 2012
42:Practical use of super-conducting gravity meters with the capability to
detect the movement of material deep inside the earth. 47 / 2022 43 / 2012
44:Development of technologies for digging into the crust at the ocean
floor to gather mantle materials. 47 / 2017 50 / 2016
49:Practical use of analytical methods capable of tracing gradual changes
(atomic fluctuations) involved in fossilization which cause material in
organisms corpses to be replaced by silica.
35 / 2022 38 / 2016
50:Widespread use of a system that injects water forcedly into high-
temperature subterranean locations to extract thermal energy in the form
of steam.
60 / 2020 65 / 2011
52:Development of technology for alleviating heavy rainfall through the
application of cloud physics. 69 / 2021 79 / 2020
53:Practical use of technology for predicting and forecasting landslides and
rockslides caused by intense rainfall in certain locations in Japan. 82 / 2015 86 / 2010
54:Development of technology for monitoring chronological trends in  the
location and amount of snowfall, facilitating forecasting of the scale and
degree of risk of surface avalanches in certain locations in Japan.
65 / 2016 64 / 2012
55:Development of technology capable of forecasting the occurrence of
major earthquakes (magnitude 7 or above) several days in advance. 95 / 2024 92 / 2023
56:Elucidation of the correlation, if any, between animal behavior and the
occurrence of earthquakes, in order to be used as earthquake prediction
data.
53 / 2020 57 / 2016
57:Realization of time-series observation of the condition of magma inside
volcanoes. 88 / 2019 75 / 2015
58:Development of a positron microscope. 42 / 2019 53 / 2019
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
59:Practical use of 0.1-1.0 nm wavelength lasers, facilitating the
observation of material structures via  hard X-ray holography. 48 / 2018 60 / 2014
61:Inauguration in Japan of global science and technology educational
organizations in the broad sense, in order to foster international
scientists and technologists contributing to conservation of the global
environment, development and maintenance of global resources, etc.
78 / 2011 78 / 2008
62:Adaptation of natural history and scientific education methods to hands-
on science museums capable of developing scientific skills in an
enjoyable and playful atmosphere, and their spread throughout Japan.
72 / 2011 63 / 2010
64:Widespread construction throughout Japan of marine museums. 51 / 2015 52 / 2010
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1 176 13 39 48 76 56 37 6 1 23 41 68 7
2 158 15 32 53 79 62 31 6 1 17 34 78 2
X 23 100 0 0 90 83 13 4 0 22 17 91 0
1 166 19 28 53 58 27 54 19 1 11 89 11 33
2 145 16 30 54 57 20 68 13 0 10 91 9 30
X 23 100 0 0 73 48 48 4 0 22 96 22 35
1 136 10 34 56 61 32 50 18 0 15 89 28 31
2 125 9 26 65 59 25 62 13 1 7 87 26 23
X 11 100 0 0 70 45 45 9 0 27 91 64 18
1 171 14 29 57 65 36 54 10 0 23 88 18 26
2 151 12 31 57 62 29 61 10 0 19 88 15 25
X 18 100 0 0 81 61 39 0 0 33 100 22 56
1 172 19 30 51 62 34 49 18 0 12 95 12 36
2 156 17 30 53 62 29 60 11 0 8 91 7 31
X 26 100 0 0 79 58 42 0 0 8 100 15 46
1 118 11 30 59 48 14 52 33 1 18 64 14 45
2 106 9 27 63 47 10 58 31 0 12 75 10 41
X 10 100 0 0 53 20 50 30 0 10 80 10 50
1 132 13 30 58 48 18 41 38 3 35 42 20 31
2 122 9 27 64 48 16 45 38 2 30 48 16 30
X 11 100 0 0 68 45 36 18 0 27 73 0 18
1 185 24 42 34 64 40 39 18 3 23 83 10 49
2 166 20 46 33 67 42 42 13 2 13 85 4 44
X 34 100 0 0 81 68 24 6 3 9 91 12 41
1 141 8 40 52 54 22 51 25 1 13 83 14 42
2 124 8 36 56 53 19 57 23 1 7 86 10 30
X 10 100 0 0 63 30 60 10 0 10 100 20 40
1 141 10 34 56 58 27 52 20 1 15 84 22 35
2 126 10 29 61 56 20 63 17 0 10 89 16 32
X 12 100 0 0 67 33 67 0 0 8 92 8 50
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1
2
3
4
5
6
7
8
9
10
Importance (index, %)
Practical use of Tsunami forecasting systems
based on tide and Tsunami observation through
satellites along with other data including coastal
topography.
Practical use of a ocean observation system in
which the collection of samples, and the
placement and recovery of instruments are carried
out with mobility using various aircraft.
Development of methods for accurately
calculating the amount of heat transfer in the
water cycle of evaporation, cloud formation and
rainfall over the oceans.
Practical use of satellite remote sensing
technology capable of yielding precise
information on water temperature, currents,. and
chlorophyl concentration to 200 m depth.
Practical use of automatic observation systems
which are installed in open waters and are
capable of long-term (a few years) monitoring of
marine phenomena and conditions from the
vicinity of the sea surface down to 6,000 m depth.
Practical use of 3-D image processing systems
capable of identifying micro-organisms (bacteria,
plankton, etc.).
Development of sensors capable of accurately
identifying the shape of objects under water at
distances of several hundred meters.
Widespread use of high-technology survey
vessels exclusively specializing in geological,
geophysical, physical or biological oceanography,
in addition to the multi-functional survey vessels
currently in vogue.
Widespread use of ocean observation systems
employing continuous acoustic tomography.
Development of devices maintenance-free for
about five years that are capable of monitoring
sudden and dramatic environmental changes on
the ocean floor.
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1 4 65 51 7 1 13 32 36 45 50 5 3 0 2 2 5 3 3
2 4 75 54 3 0 9 34 39 49 59 3 1 0 1 2 6 2 1
0 0 91 61 13 0 0 43 30 65 65 0 0 0 0 0 4 0 0
3 5 20 78 12 1 16 31 36 57 57 4 10 1 1 8 8 2 3
4 6 17 83 10 1 11 30 40 61 61 3 8 1 1 8 8 1 0
4 9 22 100 13 0 0 35 57 78 74 4 13 0 4 13 9 0 0
1 9 37 76 26 0 19 57 28 51 54 1 1 0 0 7 5 1 2
2 6 30 79 16 0 14 66 28 50 55 1 0 1 0 8 6 0 0
0 0 36 100 36 0 0 82 55 73 82 0 0 0 0 0 0 0 0
11 9 26 81 22 1 13 43 37 55 54 3 1 1 1 5 5 1 2
10 9 25 85 19 1 9 47 34 63 62 1 2 1 1 3 4 0 0
11 11 50 100 39 0 0 89 39 67 72 0 6 0 6 0 0 0 0
2 5 45 80 21 1 10 34 37 49 69 5 3 1 1 8 3 1 2
2 5 38 88 16 0 7 35 40 49 74 2 2 1 1 8 1 1 1
4 4 58 100 15 0 0 42 50 58 73 0 4 0 0 15 0 0 4
3 4 32 59 18 0 29 38 36 46 52 8 0 0 1 6 3 2 3
3 3 28 66 8 0 26 36 38 51 63 4 0 0 1 7 2 1 1
10 0 60 100 20 0 0 50 40 60 60 0 0 0 0 0 0 0 0
1 8 23 77 12 1 18 23 37 40 52 8 2 0 0 2 8 4 4
1 6 18 81 9 1 14 23 37 48 61 5 2 0 0 2 9 3 2
0 9 36 100 18 0 0 18 45 73 82 9 0 0 0 0 18 9 0
6 6 43 74 30 1 10 34 35 46 65 7 2 0 1 9 3 1 3
5 5 43 82 28 0 7 32 38 54 73 5 2 0 1 7 1 1 2
9 9 50 94 41 0 3 29 44 56 71 9 9 0 3 9 0 0 0
1 11 46 79 15 1 13 36 31 45 57 8 4 0 0 10 5 1 2
2 8 40 85 9 0 9 38 31 41 63 6 3 0 0 9 2 1 1
0 0 70 100 20 0 0 50 50 50 40 30 10 0 0 10 0 0 0
1 7 39 63 21 1 25 31 38 50 63 7 4 0 0 9 6 1 1
1 5 31 68 14 0 21 25 39 51 68 5 4 0 0 10 2 0 2
0 0 25 100 17 0 0 42 42 50 58 17 8 0 0 17 0 0 0
Forecasted realization time
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1 171 12 34 54 56 24 54 22 0 26 70 9 57
2 149 10 33 57 56 18 68 14 0 25 77 5 54
X 15 100 0 0 70 47 40 13 0 33 67 0 53
1 115 8 27 65 64 37 45 18 0 41 59 19 38
2 104 8 22 70 63 36 44 20 0 38 70 14 37
X 8 100 0 0 81 63 38 0 0 38 100 38 50
1 80 16 23 61 80 63 29 8 0 51 55 40 29
2 75 16 19 65 89 80 18 3 0 57 57 44 29
X 12 100 0 0 95 91 9 0 0 50 67 25 58
1 154 16 27 57 76 55 41 4 0 44 79 44 24
2 136 15 24 62 81 63 37 1 0 41 81 42 17
X 20 100 0 0 93 85 15 0 0 35 90 55 25
1 150 11 23 65 79 61 33 7 0 51 85 32 37
2 132 11 27 62 81 65 31 5 0 46 87 28 32
X 15 100 0 0 97 93 7 0 0 60 100 33 40
1 165 13 33 54 60 30 50 20 1 22 82 15 40
2 147 14 31 56 59 25 61 14 1 18 86 10 36
X 20 100 0 0 69 40 55 5 0 25 95 5 50
1 129 4 31 65 69 43 46 11 0 41 74 34 2
2 108 4 25 71 70 44 49 7 0 36 80 27 2
X 4 100 0 0 100 100 0 0 0 100 50 0 0
1 139 20 31 49 60 34 43 16 7 49 47 53 2
2 125 17 33 50 62 34 49 15 2 53 52 54 1
X 21 100 0 0 78 60 30 10 0 76 52 57 0
1 101 6 30 64 68 43 44 12 1 46 60 34 18
2 94 10 22 68 68 40 52 7 1 46 70 26 14
X 9 100 0 0 81 67 22 11 0 78 78 22 22
1 134 7 23 70 53 21 50 26 2 13 81 6 31
2 121 6 19 75 49 12 63 21 3 6 86 2 26
X 7 100 0 0 57 29 57 0 14 0 86 0 86
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Practical use of unmanned, untethered
submersibles for collecting abyssal specimens.
Widespread use of micro-biotelemetry to track
the migratory behaviors of marine organisms over
extended periods of at least one year.
Elucidation of the  mechanism of replacement of
dominant fish species such as horse mackerel,
sardine, saury and mackerel.
Practical use of technologies for predicting and
forecasting changes in the ocean currents in  the
adjacent seas around Japan.
Practical use of technologies based on large-scale
numerical models for forecasting changes in the
global oceans, including fishery resources.
Development of technology for obtaining data on
water temperature, current direction and speed,
salinity etc. from the sea surface to the bottom,
using stations established on the seafloor.
Practical use of inexpensive antibiofouling agents
that substitute for organic tin compounds.
Practical use of platforms for processing waste in
offshore areas.
Practical use of systems capable of monitoring
long-term changes in biological resources
inhabiting shallow waters.
Initiation of long-term, comprehensive
observation on an international basis, and
elucidation of the formation mechanism of coral
reefs which fix carbon dioxide.
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1 5 64 73 34 1 8 28 48 39 70 6 2 0 1 8 5 1 1
0 3 70 81 27 1 4 26 50 44 77 4 3 1 0 11 4 0 1
0 7 73 80 20 7 0 20 47 47 67 13 13 0 0 13 0 0 0
1 8 53 60 16 2 19 30 45 41 62 8 8 0 0 10 4 2 2
0 5 59 68 13 2 13 28 48 43 68 6 5 0 0 10 3 1 2
0 0 38 88 63 25 0 50 50 75 100 25 13 0 0 0 0 0 0
6 10 83 30 16 3 10 60 28 51 61 3 4 0 0 13 3 3 0
5 5 89 24 12 3 7 64 27 55 63 1 0 0 0 13 0 4 3
0 8 100 58 42 8 0 58 25 58 67 0 0 0 0 17 0 8 8
1 5 74 44 13 1 11 51 31 62 64 3 3 0 1 6 4 0 2
1 6 79 45 9 1 7 54 31 63 66 2 1 0 0 6 3 0 1
0 5 85 55 20 5 0 65 35 70 70 0 5 0 0 5 0 0 0
5 9 42 71 26 1 17 62 30 57 57 1 1 0 0 4 4 2 1
6 9 39 80 25 0 12 67 27 64 64 1 1 0 0 3 3 1 1
0 7 60 100 47 0 0 87 27 80 80 0 7 0 0 0 7 0 0
3 10 39 67 14 1 19 33 37 45 62 5 2 0 0 8 4 1 2
3 7 40 77 12 1 13 36 37 50 65 3 2 0 0 13 1 1 1
5 15 45 85 15 0 10 40 45 60 75 5 5 0 0 15 0 0 0
1 3 65 28 22 1 19 13 54 27 54 13 8 15 0 24 6 2 2
2 3 73 28 20 1 18 14 60 24 61 11 7 15 0 35 6 2 1
0 0 75 25 0 0 0 50 75 75 50 0 0 0 0 50 0 0 0
12 8 59 14 19 0 22 12 40 29 43 15 28 20 1 55 19 12 0
13 6 71 10 13 0 18 10 44 30 51 10 26 20 1 54 18 7 0
10 0 90 5 0 0 5 10 38 33 57 14 38 19 0 52 14 10 0
6 6 50 47 17 0 23 42 36 55 58 6 5 1 0 10 3 1 3
5 3 64 50 14 0 16 46 32 61 59 5 5 1 0 10 3 1 1
0 0 100 67 33 0 0 89 44 89 100 11 11 0 0 11 0 0 0
3 9 48 57 12 4 17 49 24 46 57 2 0 2 0 12 1 1 2
3 7 50 69 7 3 14 52 18 50 67 2 0 2 0 11 1 2 2
14 0 71 57 43 14 14 71 43 43 86 14 0 0 0 0 0 0 0
Forecasted realization time
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1 109 7 35 58 65 39 44 15 2 40 61 60 5
2 98 7 29 64 66 38 51 11 0 36 60 59 1
X 7 100 0 0 93 86 14 0 0 43 57 100 0
1 124 8 29 63 74 54 36 9 1 44 58 48 6
2 107 7 27 66 81 65 30 5 0 43 64 47 4
X 7 100 0 0 93 86 14 0 0 57 57 57 29
1 100 4 16 80 70 44 46 9 0 36 81 41 6
2 87 2 13 85 70 42 53 5 0 33 83 36 1
X 2 100 0 0 75 50 50 0 0 100 50 50 0
1 162 14 36 49 66 38 50 12 0 25 89 20 19
2 144 11 35 53 65 35 56 9 0 20 86 19 14
X 16 100 0 0 77 53 47 0 0 31 88 19 19
1 126 14 32 54 68 42 44 13 1 37 84 23 28
2 108 14 32 54 67 39 52 8 1 31 82 19 22
X 15 100 0 0 73 47 53 0 0 27 93 7 27
1 144 11 30 59 63 39 39 15 6 22 84 13 8
2 133 10 29 62 63 37 47 11 5 20 85 9 5
X 13 100 0 0 87 77 15 8 0 23 77 0 0
1 145 11 40 49 80 64 30 6 1 72 41 59 4
2 126 10 35 55 85 73 23 4 0 75 33 57 3
X 13 100 0 0 100 100 0 0 0 92 38 92 0
1 139 33 25 42 59 30 50 14 5 81 25 45 3
2 119 31 27 42 57 26 55 14 4 84 12 39 2
X 37 100 0 0 70 44 50 3 3 86 16 51 3
1 118 22 31 47 57 24 57 19 1 71 21 23 4
2 102 18 38 44 58 22 66 13 0 78 15 20 2
X 18 100 0 0 68 39 56 6 0 89 11 22 0
1 123 5 33 62 67 41 46 8 4 73 36 44 5
2 109 5 29 66 63 35 52 9 4 79 28 45 1
X 5 100 0 0 100 100 0 0 0 80 80 60 0
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Advancement in the development of sea water
decontamination systems such as
decontaminating concrete blocks and bio-filters,
and widespread use of water amenity space
creating technologies.
Widespread use of technology for preventing the
occurrence of red tides.
Practical use of technology for multiplying
bacteria that break down environmental
pollutants, such as oil-dissolving bacteria.
Practical use of highly reliable automatic
observation systems located on the ocean (open
sea) capable of monitoring marine pollution on a
long-term basis (at least one year) without
maintenance.
Establishment of a numerical model of the ocean
ecosystem to elucidate the effects of marine
development on the surface ecosystem.
Practical use of technology for fixing carbon
dioxide under the seabed.
Widespread use of technologies for the
comprehensive use and conservation of entire
bays with high utilization densities, such as
Tokyo Bay, Osaka Bay, etc.
Practical use of ocean cities (bases for
transportation, communication, research,
production and recreational activities)  mainly of
the legged or floating structures.
Practical use of on-site inspection, diagnosis, and
maintenance technology for marine facilities.
Widespread use of marine ranches with optimal
environmental management through
incorporation of biological system technology
and a wide range of engineering technology.
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4 6 66 23 20 0 22 26 52 39 53 14 9 5 1 22 9 4 2
2 3 76 21 17 0 14 24 59 41 56 12 5 5 1 26 5 2 0
0 0 71 57 14 0 0 14 71 57 43 57 14 0 0 29 0 0 0
3 10 79 23 16 2 15 35 50 43 56 6 5 10 0 18 4 1 4
4 5 86 17 12 1 11 40 55 44 64 5 5 8 0 18 4 1 2
0 0 100 14 0 14 0 71 71 57 71 0 14 0 0 0 0 0 0
2 6 40 62 28 0 21 46 44 45 58 14 1 9 0 26 9 8 0
3 1 44 72 24 0 14 48 47 56 60 9 0 9 0 30 7 7 0
0 0 50 100 0 0 0 0 50 50 50 0 0 50 0 50 0 0 0
2 4 46 60 19 0 23 28 47 49 65 6 4 2 0 7 5 1 2
2 3 50 75 19 0 16 24 48 55 74 2 1 1 0 8 4 0 0
0 6 69 88 38 0 0 25 56 75 81 6 0 6 0 25 6 0 0
6 7 48 65 31 2 18 54 29 56 56 3 1 1 1 5 2 3 2
6 5 50 74 31 1 12 61 27 58 63 4 0 1 1 3 3 2 0
0 7 53 100 47 7 0 73 40 67 73 0 0 0 0 0 0 0 0
14 12 53 47 25 1 20 25 40 44 51 4 9 11 2 50 12 6 3
11 8 62 54 20 0 20 26 49 49 56 3 8 11 2 54 8 4 2
8 0 85 54 38 0 0 23 54 46 54 0 23 15 0 62 8 0 8
3 10 66 28 17 0 12 39 54 45 40 8 27 26 3 32 9 3 1
1 8 75 28 12 0 11 34 60 49 42 10 28 22 2 34 10 3 1
0 0 100 46 8 0 0 38 85 31 46 15 23 15 0 38 15 8 0
6 5 76 27 17 0 13 18 55 34 53 21 37 14 2 48 19 4 1
5 3 84 29 14 0 8 14 63 31 57 14 38 10 1 50 18 3 0
5 3 89 38 14 0 0 24 70 30 59 19 54 5 0 38 19 0 0
0 8 67 59 36 0 9 23 54 36 52 13 16 6 0 9 10 1 1
0 4 76 66 33 0 6 18 61 35 58 10 12 4 0 6 9 1 0
0 11 83 67 39 0 0 28 67 44 61 17 22 6 0 0 17 0 0
5 7 75 20 16 0 14 36 55 46 54 24 20 11 1 41 7 6 0
4 3 78 18 14 1 12 35 62 47 62 17 18 11 0 42 7 6 0
0 0 100 40 20 0 0 60 80 100 80 20 0 0 0 0 0 20 0
Forecasted realization time
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1 91 24 31 45 56 25 51 21 3 86 19 19 11
2 81 25 30 46 53 17 64 15 4 90 12 11 7
X 20 100 0 0 61 35 50 5 10 90 5 5 10
1 72 7 18 75 59 33 42 19 6 74 40 17 14
2 67 4 16 79 56 26 52 18 5 82 40 10 9
X 3 100 0 0 42 33 0 33 33 0 67 0 33
1 100 12 41 47 52 18 54 28 0 55 38 18 27
2 82 10 40 50 50 15 56 29 0 60 35 10 27
X 8 100 0 0 69 38 63 0 0 50 50 25 25
1 87 5 37 59 59 28 53 19 0 72 38 17 23
2 77 4 32 64 58 26 57 18 0 78 30 12 21
X 3 100 0 0 83 67 33 0 0 67 100 33 67
1 123 15 24 60 55 25 47 28 1 51 54 13 39
2 109 13 24 63 51 17 57 26 1 52 54 9 36
X 14 100 0 0 63 29 64 7 0 50 57 7 43
1 92 9 18 73 60 29 56 13 2 59 54 12 26
2 83 4 20 76 58 23 62 13 1 66 51 10 24
X 3 100 0 0 83 67 33 0 0 67 100 0 33
1 134 12 28 60 53 21 53 24 2 66 30 50 7
2 118 9 25 65 56 21 61 15 3 75 26 46 5
X 11 100 0 0 66 36 55 9 0 73 45 36 0
1 101 10 30 60 75 56 33 8 3 54 69 58 30
2 94 10 22 68 78 60 36 3 1 53 68 60 18
X 9 100 0 0 100 100 0 0 0 67 67 78 22
1 93 6 19 74 58 34 34 29 3 34 66 42 27
2 88 2 18 80 55 27 42 27 3 28 68 47 15
X 2 100 0 0 100 100 0 0 0 50 50 0 0
1 113 13 25 62 80 64 29 6 1 41 51 55 26
2 104 12 21 67 83 71 21 8 1 35 48 63 20
X 12 100 0 0 92 83 17 0 0 42 42 75 33
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Development of revolutionary drag-reducing
technology for underwater/surface vessel , such
as the use of active skin to cover the surface of
the hull.
Development of seawater engines that produce
energy by extracting oxygen and hydrogen in
seawater to power underwater vehicles.
Practical use of autonomous three-dimensional
navigation systems for underwater vehicle.
Practical use of wireless technology (radio, laser,
sound waves) for underwater communications in
a horizontal direction over distances of several
kilometers in order to facilitate underwater
operations.
Practical use of robots for resource exploration at
depths of up to 10,000 meters.
Practical use of fuel cells that last at least one
year at abyssal depths.
Practical use of technology for fisheries products
production utilizing deep ocean water.
Establishment of dynamic methods for long-term
(1–6 months ahead) weather forecasting.
Practical use of unmanned planes for typhoon
observation and air sampling.
Nationwide installation of bore-hole-type
observation equipment integrating various types
of gauges (e.g., seismometers, tiltmeters, and
strain-gauges) for use in earthquake forecasting.
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8 10 66 51 19 2 14 34 48 37 60 8 2 0 0 13 7 0 1
7 6 74 56 12 1 9 36 49 40 72 5 1 0 0 11 1 0 1
15 5 80 60 20 5 0 30 50 40 85 5 0 0 0 5 5 0 0
18 13 33 40 13 0 36 39 36 32 50 8 0 0 1 26 4 0 1
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5 6 84 34 4 0 10 29 35 47 67 5 6 0 0 3 5 4 4
7 6 85 26 3 0 10 28 34 50 69 3 8 0 0 4 5 4 3
0 8 100 75 0 0 0 42 42 58 83 0 17 0 0 0 0 8 8
Forecasted realization time
Ja
pa
n
A
dv
er
se
 e
ff
ec
t o
n 
m
or
al
s, 
cu
ltu
re
 o
r
so
ci
et
y
A
dv
er
se
 e
ff
ec
t o
n 
sa
fe
ty
A
dv
er
se
 e
ff
ec
t o
n 
th
e 
na
tu
ra
l
en
vi
ro
nm
en
t
Leading countries (%)
D
o 
no
t k
no
w
O
th
er
 c
ou
nt
rie
s
EUU
SA
Potential problems
R
ei
nf
or
ce
 c
oo
pe
ra
tio
n 
am
on
g
se
ct
or
s a
nd
 fi
el
ds
Fo
ste
r h
um
an
 re
so
ur
ce
s
O
th
er
s
R
ei
nf
or
ce
 o
r e
st
ab
lis
h 
re
la
te
d
re
gu
la
tio
ns
R
el
ax
 o
r a
bo
lis
h 
re
la
te
d 
re
gu
la
tio
ns
D
ev
el
op
 e
nv
iro
nm
en
t f
or
 b
us
in
es
s
st
ar
tu
ps
D
ev
el
op
  r
es
ea
rc
h 
an
d 
de
ve
lo
pm
en
t
in
fr
as
tru
ct
ur
e
O
th
er
 a
dv
er
se
 e
ff
ec
ts
Measures the government should adopt
In
cr
ea
se
 g
ov
er
nm
en
t r
es
ea
rc
h
fu
nd
in
g
20312016 2021 202620112006
314
H
ig
h
M
ed
iu
m
Lo
w
In
de
x
H
ig
h
M
ed
iu
m
Lo
w
U
nn
ec
es
sa
ry
1 79 24 37 39 50 17 51 31 1 16 43 18 63
2 73 22 34 44 46 7 64 28 1 16 45 14 56
X 16 100 0 0 63 33 53 13 0 25 38 19 44
1 62 13 31 56 54 25 42 33 0 8 39 13 66
2 57 11 26 63 47 13 52 36 0 5 46 12 67
X 6 100 0 0 71 50 33 17 0 0 67 33 33
1 91 23 26 51 57 26 52 22 0 19 62 21 53
2 87 18 23 59 53 17 61 22 0 11 76 14 53
X 16 100 0 0 72 50 38 13 0 19 88 25 56
1 105 24 28 49 48 17 45 36 3 10 55 5 67
2 96 22 25 53 47 14 51 32 4 8 60 4 65
X 21 100 0 0 65 38 48 14 0 10 71 5 76
1 81 17 33 49 72 51 34 15 0 21 63 40 47
2 74 15 34 51 74 54 32 14 0 15 68 47 47
X 11 100 0 0 82 73 9 18 0 9 73 36 73
1 71 13 23 65 70 49 35 14 1 41 58 55 7
2 67 10 22 67 76 57 36 6 1 37 67 55 4
X 7 100 0 0 93 86 14 0 0 57 43 71 14
1 44 14 11 75 45 14 40 40 5 2 20 2 86
2 41 12 10 78 40 8 43 45 5 0 27 0 95
X 5 100 0 0 55 20 60 20 0 0 40 0 100
1 62 8 32 60 51 23 35 40 2 5 58 11 61
2 59 5 29 66 46 14 46 39 2 3 66 8 63
X 3 100 0 0 50 0 100 0 0 33 100 0 67
1 47 21 13 66 38 7 38 51 4 11 36 2 74
2 46 20 13 67 35 2 39 52 7 9 41 2 74
X 9 100 0 0 39 0 56 44 0 0 33 0 89
1 101 16 25 59 62 36 45 18 2 68 45 32 9
2 91 16 24 59 60 28 56 13 2 75 48 32 5
X 15 100 0 0 83 67 33 0 0 87 60 33 0
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Widespread use of non-invasive (non-destructive)
geological inspection equipment which allows the
3-D structures of strata, rocks, and fossils to be
identified from meter-size CT images.
Practical use of super-conducting gravity meters
with the capability to detect the movement of
material deep inside the earth.
Practical use of excavation technology capable of
measuring stresses in the crust of the ocean floor
at depths of 6,000 meters.
Development of technologies for digging into the
crust at the ocean floor to gather mantle materials.
Elucidation of the series of processes relating to
the generation, rise, accumulation, and extrusion
of viscous magma.
Development of composite material with a
purifying function to be placed between industrial
waste treatment plants and the surrounding area
as a buffer.
Positioning in several locations, under an
international agreement, of neutrino detectors for
the purpose of surveying the earth's internal
structure.
Dramatic improvement in the observation
precision of global tomography from the current
tens of km — 2,000km to tens of km — 100km.
Practical use of analytical methods capable of
tracing gradual changes (atomic fluctuations)
involved in fossilization which cause material in
organisms corpses to be replaced by silica.
Widespread use of a system that injects water
forcedly into high-temperature subterranean
locations to extract thermal energy in the form of
steam.
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11 16 34 50 15 0 29 34 24 44 53 6 0 0 0 5 8 2 5
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0 11 22 67 56 0 11 67 33 44 56 0 0 0 11 11 0 0 11
6 7 61 50 23 4 16 35 45 48 56 11 11 7 2 46 12 0 0
4 3 75 55 23 3 12 36 47 54 69 10 9 7 0 46 12 0 1
0 0 93 73 53 0 0 47 73 47 87 7 7 7 0 47 7 0 7
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1 98 19 33 48 86 73 26 1 0 50 61 39 7
2 88 17 30 53 92 84 16 0 0 55 69 40 5
X 15 100 0 0 100 100 0 0 0 40 60 73 7
1 72 6 26 68 69 42 51 6 1 33 43 68 19
2 66 8 15 77 69 38 60 2 0 27 42 74 11
X 5 100 0 0 90 80 20 0 0 40 60 100 20
1 104 8 23 69 81 63 36 1 0 37 28 77 9
2 99 4 20 76 82 64 35 1 0 35 21 83 5
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1 97 15 20 65 94 88 11 1 0 47 37 70 29
2 94 11 19 70 95 90 9 1 0 50 31 79 21
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1 70 13 17 70 57 33 36 25 6 29 30 59 33
2 69 7 14 78 53 24 46 26 4 25 20 74 29
X 5 100 0 0 50 20 40 40 0 20 20 80 0
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X 4 100 0 0 50 25 25 50 0 50 0 25 100
1 39 15 21 64 51 16 58 26 0 33 13 15 69
2 35 17 17 66 48 9 65 26 0 31 11 11 80
X 6 100 0 0 63 33 50 17 0 33 17 17 83
1 127 15 27 58 76 57 35 6 2 74 47 23 9
2 115 13 24 63 81 64 32 4 0 81 47 23 3
X 15 100 0 0 97 93 7 0 0 93 60 13 7
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t Establishment of a method for evaluating the
safety of the underground disposal of high-level
radioactive wastes.
Development of technology for alleviating heavy
rainfall through the application of cloud physics.
Practical use of technology for predicting and
forecasting landslides and rockslides caused by
intense rainfall in certain locations in Japan.
Development of technology for monitoring
chronological trends in  the location and amount
of snowfall, facilitating forecasting of the scale
and degree of risk of surface avalanches in certain
locations in Japan.
Development of technology capable of
forecasting the occurrence of major earthquakes
(magnitude 7 or above) several days in advance.
Elucidation of the correlation, if any, between
animal behavior and the occurrence of
earthquakes, in order to be used as earthquake
prediction data.
Realization of time-series observation of the
condition of magma inside volcanoes.
Development of a positron microscope.
Practical use of 0.1-1.0 nm wavelength lasers,
facilitating the observation of material structures
via  hard X-ray holography.
Practical use of technology for utilizing methane
hydrate.
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9 9 46 56 52 2 10 44 44 49 53 6 16 20 2 45 33 7 1
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0 0 100 25 0 0 0 50 50 25 50 0 0 0 0 25 0 0 0
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24 13 84 30 7 2 9 53 26 57 59 4 3 1 1 2 13 4 3
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7 6 73 37 12 0 13 49 23 58 69 1 1 1 0 7 7 1 2
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0 0 83 100 83 0 0 67 50 50 67 17 0 0 0 0 0 0 0
3 11 55 60 24 3 20 35 57 48 68 9 10 5 0 48 10 2 0
2 5 61 75 22 3 12 36 67 59 73 7 7 4 0 49 8 2 1
0 0 100 80 40 13 0 47 87 73 93 7 13 13 0 53 7 0 0
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2 140 9 25 66 78 58 39 3 0 38 85 15 47
X 13 100 0 0 88 77 23 0 0 62 85 38 54
1 158 11 21 68 69 46 41 13 1 31 25 26 73
2 139 10 17 73 72 50 38 11 1 32 27 24 72
X 14 100 0 0 89 79 21 0 0 57 21 36 64
1 164 5 26 69 85 72 25 2 1 27 93 23 12
2 144 4 24 72 89 80 19 1 1 26 93 22 9
X 6 100 0 0 100 100 0 0 0 33 100 33 0
1 137 6 25 69 51 21 45 30 4 20 29 23 69
2 126 3 28 69 51 17 55 26 2 17 29 21 79
X 4 100 0 0 75 50 50 0 0 25 50 25 75
1 95 2 17 81 67 43 43 12 2 49 9 35 60
2 88 1 11 88 67 41 47 10 2 55 2 38 67
X 1 100 0 0 50 0 100 0 0 0 0 0 100
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Systematic development of re-evaluation
programs related to traditional technologies and
life cultures, and widespread use of mentoring
systems for learning crafts and traditional skills.
Inauguration in Japan of global science and technology
educational organizations in the broad sense, in order to
foster international scientists and technologists
contributing to conservation of the global environment,
development and maintenance of global resources, etc.
Adaptation of natural history and scientific
education methods to hands-on science museums
capable of developing scientific skills in an
enjoyable and playful atmosphere, and their
spread throughout Japan.
Formation of a global consensus regarding
international regulations on the emission of
carbon dioxide and other greenhouse gases that
cause global warming, including reductions in
developing countries.
Widespread construction throughout Japan of
marine museums.
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3 16 26 62 34 0 22 84 43 49 35 6 3 2 1 4 0 6 1
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7 12 43 5 32 0 34 67 33 31 32 18 7 6 1 1 3 8 5
3 11 50 7 41 0 27 82 36 32 43 17 2 1 0 0 2 10 2
0 0 100 0 100 0 0 0 100 0 0 0 0 0 0 0 0 0 0
Forecasted realization time
Ja
pa
n
A
dv
er
se
 e
ff
ec
t o
n 
m
or
al
s, 
cu
ltu
re
 o
r
so
ci
et
y
A
dv
er
se
 e
ff
ec
t o
n 
sa
fe
ty
A
dv
er
se
 e
ff
ec
t o
n 
th
e 
na
tu
ra
l
en
vi
ro
nm
en
t
Leading countries (%)
D
o 
no
t k
no
w
O
th
er
 c
ou
nt
rie
s
EUU
SA
Potential problems
R
ei
nf
or
ce
 c
oo
pe
ra
tio
n 
am
on
g
se
ct
or
s a
nd
 fi
el
ds
Fo
ste
r h
um
an
 re
so
ur
ce
s
O
th
er
s
R
ei
nf
or
ce
 o
r e
st
ab
lis
h 
re
la
te
d
re
gu
la
tio
ns
R
el
ax
 o
r a
bo
lis
h 
re
la
te
d 
re
gu
la
tio
ns
D
ev
el
op
 e
nv
iro
nm
en
t f
or
 b
us
in
es
s
st
ar
tu
ps
D
ev
el
op
  r
es
ea
rc
h 
an
d 
de
ve
lo
pm
en
t
in
fr
as
tru
ct
ur
e
O
th
er
 a
dv
er
se
 e
ff
ec
ts
Measures the government should adopt
In
cr
ea
se
 g
ov
er
nm
en
t r
es
ea
rc
h
fu
nd
in
g
20312016 2021 202620112006
8. Survey results in “Space”
Contents
8.1. Trends in noteworthy domains ....................................................................................... 321
8.1.1. Space activities and space science........................................................................... 321
8.1.2. Global environment and earth observation.............................................................. 321
8.1.3. Space-related information technology (IT) revolution ............................................ 322
8.1.4. Celestial life ............................................................................................................. 323
8.2. Topic framework ............................................................................................................ 324
8.3. Topics with high degree of importance .......................................................................... 325
8.4. Forecasted realization times ........................................................................................... 326
8.5. Current leading countries ............................................................................................... 327
8.6.  Comparison with the 6th survey (previous survey)....................................................... 327
8.7. Table of survey results.................................................................................................... 330
321
8. Survey results in “Space”
8.1. Trends in noteworthy domains
8.1.1. Space activities and space science
(1) Commercialization of space activities
The commercialization of satellite communications and satellite launch services has made remarkable
progress, so much so that the ratio of public-sector to private-sector demand in the combined annual
turnover of space-related businesses in the U.S. has been reversed over the last two to three years.
Ten years after the collapse of the US-USSR Cold War structure, the U.S. Government-led
privatization of space activities is still struggling to make real headway, and NASA is faced with the
following immediate tasks: the transfer of the operation of the International Space Station (ISS) to private-
sectors, the transfer of its utilization to an independent body and the promotion of its commercial
utilization. Japan has taken part in the ISS with the Japanese Experiment Module (JEM) and other
contributions. Although JEM is slated for registration as the property of the Japanese Government, its
operation and utilization has been transferred to the National Space Development Agency of Japan
(NASDA), which is a special corporation. Responses to topic 14 indicate that many Japanese, including
experts, view this issue as basically a U.S. matter at present, despite the fact that the future of the ISS
depends not only on the efforts of NASA but also those of NASDA.
(2) Manned space transportation systems
The survey included only one topic (topic 17) relating to manned space transportation systems. The
topic was forecasted to be realized around 2020, which is beyond the design service life of today’s Space
Shuttle fleet. This fact and the notion that the U.S. enjoyed a commanding lead over other countries in this
area are probably attributable to the size of past spending by the U.S. Government, particularly in the last
15 years. Topic 20 is the most important topic for Japan’s space activities, and this is reflected by the fact
that it was ranked No. 3 in terms of the percentage of respondents choosing contribution to economic
activities as an expected effect. However, neither topic appears to have been perceived as having relevance
to manned space transportation systems (post Space Shuttle) by respondents, and this seems to be
attributable to the lack of this perspective in Japan’s space policy and relatively small government
spending.
(3) Manned planetary exploration
Since the 1980s, the U.S. space agency NASA has consistently identified manned Mars exploration
as the most important project after the ISS project. As Japanese space agencies do not have a comparable
long-term plan, many respondents are waiting to see how the new U.S. space policy unfolds. Although
respondents showed a relatively high level of interest in topic 32, they saw it as an unmanned project. The
project, however, would have to involve manned lunar missions given that it is to become a next-stage
project which goes far beyond the “Hubble” space telescope and Japan’s “Subaru” telescope built on
Hawaii Island.
(Tatsuo Yamanaka)
8.1.2. Global environment and earth observation
In the second half of the 20th century, earth observation via artificial satellites began, enabling
humans to view planet Earth from space for the first time. In the 1990s, public interest in the global
environment steadily grew, as clear evidence of global-scale environmental change emerged. Against this
background, countries involved in space development have been actively engaging in earth observation.
International conferences have been held by their space agencies, and joint research and development
activities have been under way. In Japan, a satellite earth observation organization centering on researchers
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and engineers has been formed. As part of its activities, it plans long-term earth observation missions, and
conducts R&D on satellites and sensors, as well as investigating the scope of their utilization. Since
putting a marine observation satellite called “MOS-1” into orbit in 1987, Japan’s satellite earth
observation activities have made steady progress, with a string of satellites launched thereafter, including
MOS-1b, JERS-1, ADEOS and TRMM (joint project with the U.S.). Of particular note was ADEOS, an
observation satellite weighing about 3.5 tons which carried eight measuring instruments developed by the
Japanese, US and French space organizations. It surpassed conventional expectations in a number of ways,
including instrumentation, performance and development time. Projects undertaken with systematic
development and funding arrangements and those driven by international joint research are more likely to
succeed.
Not surprisingly, the development of technologies associated with great social needs tend to be
realized earlier than predicted, but other factors, such as funding, manpower, organization and
implementation structure also have a significant influence. In the case of the global environment, the
standard of observation technology is a major deciding factor, as well as the level of basic science that
provides a scientific foundation. Social needs for technology typically arise from natural disasters, such as
volcanic eruptions, earthquakes, typhoons and floods, and man-made disasters, such as air pollution, fires
and oil spills, as they strongly require prediction, forecasting and monitoring. Such social needs accelerate
technological development by attracting government R&D funding. Fluctuations in economic conditions
also affect the outcomes of technology forecasts.
As a result of technological sophistication, greater efficiency and cost reduction in rockets and
satellites, earth observation is up for a technical review, and its future directions will hinge on its outcome.
In the 21st century, global environmental problems will broaden, as new issues emerge from
socioeconomic needs, such as the boosting of food production to support the growing world population,
water supply and waste disposal.
(Toshifumi Sakata)
8.1.3. Space-related information technology (IT) revolution
The expansion of info-communications networks in space and development of intelligent space
vehicles will be important tasks in advancing space development technology in the future. As manned
space exploration intensifies, the exchange of large quantities of information comparable to the size of
information traffic on the ground will become essential, giving rise to a need for suitable communications
media and advanced information processing technology, while robotic technology will also be important.
In the spotlight is a technological revolution encompassing autonomous system technology, whose
ultimate goal is artificial intelligence, and a class of technologies aimed at enabling humans to perform
tasks from ultra remote locations with a feeling of actually being on site, including tele-existence,
teleoperation, telescience and virtual reality.
Moves to expand the Internet into outer space as epitomized by Teledesic’s slogan “Internet in the
sky” has been attracting attention, with a string of projects aimed at building satellite communications
systems that provide Internet and other multimedia broadband services using the high-frequency Ku and
Ka bands put forward. As part of this trend, satellite-based high-speed Internet services targeted at moving
bodies, such as aircraft and marine vessels, are about to begin. As ground-based Internet and multimedia
services become faster and faster, thanks to the introduction of high-speed links such as optical fiber
cables, demand for similar services for moving bodies has been growing. Even on the ground, the use of
satellite communications is expected to grow in the future in light of the existence of special needs that
can only be met by it, including the introduction of broadband services to areas where access to an optical
fiber network is not available as a means of overcoming the digital divide and establishment of an
emergency communications network during emergencies, such as natural disasters. Against this
background, various countries have been engaging in the development of broadband communications
satellites - including Japan, where a project to develop an ultra high-speed Internet communications
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satellite has been under way.
The volume of data generated in outer space, including satellite-based high-precision global
environment observation data, has been rapidly increasing, and this has necessitated high-speed data
transmission from outer space to Earth. Amid intensifying manned space exploration as can be seen from
the construction of the International Space Station, the need for two-way high-capacity communications
connecting outer space and Earth is growing. Nevertheless, the available communications capacity at each
point in time is limited despite constant expansion through technological advancements, and this makes it
essential to keep the amount of transmitted information to a minimum by eliminating redundancy through
data processing. For this reason, the use of data compression technology on space vehicles has been
studied and begun to be adopted. In recent years, the downsizing and capacity expansion of memory
devices for use on space vehicles has made remarkable progress, and high-speed small-size computers
have become available for data processing. The mounting of Internet servers on satellites for access from
the ground via the Internet protocol is also being studied. In the near future, an integrated system
incorporating ground-based mirror servers, etc. will enable worldwide users to access data as if they had
direct satellite connection.
Humankind has entered an era of large-scale space utilization as can be seen from the construction of
the International Space Station. It is hoped that this will evolve into a lunar base, Mars base and eventually
space colonies in the future. While manned space exploration is expected to intensify in the future, the
space environment greets humans with extreme conditions, such as weightlessness, cosmic radiation and
vacuum. For this reason, support technology for manned space exploration based on robotics, etc. will
become indispensable, with robotics technology actively utilized on the ISS, particularly robotic arms on
the Space Shuttle. Japan has been conducting various experiments, including the remote operation of
Space Shuttle robotic arms (teleoperation) and remote piloting of satellites (ETS-VII). Service satellites
with robotic capabilities will be deployed in space to provide satellites and other space vehicles with
inspection, repair, fuel supply and other services in the future. Other advanced technologies such as
telescience, which enables researchers located on the ground to conduct various orbital experiments on the
ISS or other space vehicles with the same level of control as would be the case on site, and virtual
reality/tele-existence, which enables persons to perform tasks from ultra remote locations with a feeling of
actually being on site by feeding them with a computer model of the surrounding environment, will also
be in use. An information technology (IT) revolution is about to take off in outer space as well.
(Yoshiaki Suzuki)
8.1.4. Celestial life
Beyond Earth, Mars and the two satellites of Jupiter, Europa and Ganymede, are considered the most
likely places to harbor life, and their exploration has been canvassed. At present, activities are limited to
indirect analysis focusing on the presence of water, which is the basis of life, and organic substances and
composition of the atmosphere and crust. Conclusive evidence would require sample-return missions or
manned exploration. Although the United States planned to send a sample-return mission to Mars in 2008,
its planning process has suffered a series of setbacks, and the project looks set for a considerable delay.
Meanwhile, Japan has proposed a sample-return mission to an asteroid, and hopes have been raised that
the project will go ahead and bring back data on biological activity. As the atmospheric composition of
planets outside the solar system can be measured by increasing the sensitivity of an infrared spectroscopic
telescope, research will also be pursued in this direction in the future.
The exploration of solar system bodies is experiencing a steady expansion in scope through
international collaboration and the division of responsibility. Sample-return and manned exploration
missions to Mars are planned, centering on the United States. Japan, Europe and the United States plan to
send probes to Venus for complementary observational purposes, and Japan’s program revolves around an
orbiting probe aimed at elucidating the planet’s peculiar atmospheric movements. In addition, a plan to
send an orbiting probe to Mercury and conduct a multifaceted observation is being materialized through
324
the cooperation of Japan and Europe. In the future, orbiting probe-based exploration will also cover outer
planes, which lie beyond Saturn’s orbit.
Regarding deep space observation, plans for large-scale projects involving various wavelengths and
means of observation are being drawn up through international cooperation. To set up a large telescope
and interferometer in space, the deployment of a number of “formation-flying” satellites is being
considered. In the x-ray region, a large x-ray telescope project involving the deployment of two formation-
flying satellites, one serving as a reflector and the other as a detector, is about to be embarked on through
the cooperation of Japan and Europe, and the enlargement of the reflector on the ISS with the help of the
United States is also being considered. The construction of an orbital infrared spectroscopic telescope and
gravitational wave detector based on multiple satellites is also on the drawing board. Alongside these
orbital astronomical observatory projects, an investigation into the construction of optical/radio telescopes
on the lunar surface is under way, with Japan planning to conduct basic experiments as part of its lunar
exploration project.
At present, there are a number of solar body exploration projects, and the amount of available
information on the existence of non-terrestrial biological activity will dramatically increase in the next 30
years.
Moon (Japan, SELENE, Luna A)
Asteroid (Japan, sample return)
Mars (U.S., sample return; Europe Mars Express; Russia, Mars; Japan, Nozomi)
Jupiter and its satellites, Europa and Ganymede (U.S., Galileo explorer, Icepic project, etc.)
Saturn and its satellite, Titan (U.S., Cassini, Huygens exploration)
(Hajime Inoue, Mitsuhiro Yamada)
8.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Space field
Domain
Objective
Low and
intermediate earth
orbits
High earth orbits Inner planet orbits Outer planets andbeyond
Probing and
observation
01 02 03 32 33 34 35 36 37 38 39 40
Positioning
04 05 06 07 08 09
10 11 12 13
28 29 30
Environmental
applications
14 15
Material and energy-
related applications
31
16 17 18 19
Transportation
20
21 22 23 24Technologies relating
to human activities 25 26 27
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8.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.
Degree of importance index scores averaged 53.1 for topics in the “space” field as a whole. Topics
judged to be particularly important to Japan (top 20 topics in terms of degree of importance index score)
are listed in the table below. While the topic rated most important related to the reduction of rocket launch
costs, those relating to satellite communications systems and observation satellite systems also featured
relatively high on the list.
Table 3.8-1   Top 20 topics in terms of degree of Importance
Topic Importanceindex
Forecasted
realization time
20:The cost of rocket thrusted space transportation will be reduced to less
than 1/10 current levels. 88 2019
29:Widespread use of gigabit-class global satellite communication systems. 83 2013
08:Realization of precision down to less than a centimeter in measurement of
crustal movement using VLBI (very long baseline inter-ferometers),
satellite lasers, inverse laser ranging, and synthetic aperture radar to
contribute to earthquake forecasting etc..
82 2013
30:Practical use of a commercial high-accuracy positioning system. 78 2013
31:Transmission of electric power to earth by microwave or laser from
photovoltaic power generation plants with massive solar-cell arrays
constructed in space.
73 2023
13:Practical use of a constellation-type global satellite system for high-speed
Internet of at least several tens of Mbps. 72 2011
01:Development of a system that monitors the entire global environment
from satellites in real time around the clock, and processes the data in orbit
for direct utilization from any place on the earth.
72 2012
24:Widespread use of service systems, such as supply, inspection, and parts
exchange, for satellites in orbit. 62 2018
18:Development in Japan of a two-stage space plane whereby a winged
spacecraft powered by reusable rocket engines is launched from a high-
speed aircraft powered by air-breathing engines.
61 2020
05:Practical use of scattero-meter to be mounted on artificial satellite for
measuring wind velocity on sea in the accuracy less than 1 m/s. 61 2012
27:Development of fail operational space robot with self-diagnostic
capabilities and self-restoration capabilities. 61 2017
17:Development of a single-stage space plane that flies like a conventional
aircraft between earth and space stations, and is capable of recovering non-
operational satellites.
60 2020
22:Observation and monitoring of relatively large space debris of several
millimeters (orbiting trash such as shards from satellites and rockets, man-
made material ejected into space, etc.) become possible, thereby ensuring
the safety of people staying in space at space stations etc.
60 2014
06:Practical use of a sea color sensor to be mounted on artificial satellites
with a spectral resolution of 10 nm or less. 58 2013
07:Practical use of microwave radiometers to be mounted on satellites, which
are designed for measuring water, soil moisture, salt deposit concentration,
and ice/snow distribution on land over the entire earth with a space
resolution of 1 km or less.
58 2013
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Topic Importanceindex
Forecasted
realization time
16:Development of a partially reusable (fly-back booster) space
transportation craft. 57 2015
09:Practical use of satellite-mounted microwave sensors capable of
measuring biomasses within an accuracy of 1kg/m2 or less. (The dry
weight of plants determines the amount of carbon dioxide exhausted, and
this is related to global warming.  The current status is 1.4kg/m2 with the
shuttle SIR-C.)
57 2013
23:Removal of large (tens of centimeters and larger) space debris such as
pieces of spent satellites, rockets, etc. 56 2019
10:Development of satellite-mounted Doppler LIDAR capable of
measurement of three-dimensional distribution of wind, with a swath
width of over 500 km along the satellite flight direction.
55 2014
12:Development of satellites weighing 1 kg or less and having
communications function. 55 2010
8.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. Approximately 90% of
all topics in the space field were forecasted to be realized between 2011 and 2020. The peak of the
distribution lay at approximately the same location as the general trend combining all fields, but the
percentage of topics forecasted to be realized before then was lower than the general trend.
Figure3.8-1   Forecasted realization times
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8.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. In the space field, the U.S. was chosen as the leading country by an overwhelming number of
respondents, scoring about three times as high as second-placed Japan.
Figure 3.8-2   Current leading countries (%)
8.6.  Comparison with the 6th survey (previous survey)
Of the 40 topics included in the latest survey, 21 were carried over (content identical to the previous
survey), 9 were modified (content partially changed from the previous survey) and 10 were newly
introduced. The percentage shares of these topics were 53, 23 and 25, respectively. For carried-over topics,
findings in the latest survey concerning degree of importance index scores and forecasted realization times
were compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score rose for 6 topics, fell for 14 topics and remained
unchanged for 1 topic.
The forecasted realization time was pushed back for all topics, except topics 36, 37 and 39, whose
forecasted realization times were unchanged.
Table 3.8-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
05:Practical use of scattero-meter to be mounted on artificial satellite for
measuring wind velocity on sea in the accuracy less than 1 m/s. 61 / 2012 51 / 2009
06:Practical use of a sea color sensor to be mounted on artificial satellites
with a spectral resolution of 10 nm or less. 58 / 2013 56 / 2008
07:Practical use of microwave radiometers to be mounted on satellites,
which are designed for measuring water, soil moisture, salt deposit
concentration, and ice/snow distribution on land over the entire earth
with a space resolution of 1 km or less.
58 / 2013 56 / 2009
08:Realization of precision down to less than a centimeter in measurement
of crustal movement using VLBI (very long baseline inter-ferometers),
satellite lasers, inverse laser ranging, and synthetic aperture radar to
contribute to earthquake forecasting etc..
82 / 2013 84 / 2009
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
09:Practical use of satellite-mounted microwave sensors capable of
measuring biomasses within an accuracy of 1kg/m2 or less. (The dry
weight of plants determines the amount of carbon dioxide exhausted,
and this is related to global warming.  The current status is 1.4kg/m2
with the shuttle SIR-C.)
57 / 2013 58 / 2008
10:Development of satellite-mounted Doppler LIDAR capable of
measurement of three-dimensional distribution of wind, with a swath
width of over 500 km along the satellite flight direction.
55 / 2014 51 / 2009
12:Development of satellites weighing 1 kg or less and having
communications function. 55 / 2010 57 / 2009
19:Realization of bases for transporting to the moon and planets in middle
or low-level orbiting transport. 46 / 2020 51 / 2018
20:The cost of rocket thrusted space transportation will be reduced to less
than 1/10 current levels. 88 / 2019 93 / 2014
21:Establishment of a remote medical diagnosis/treatment system for
astronauts. 52 / 2012 52 / 2009
23:Removal of large (tens of centimeters and larger) space debris such as
pieces of spent satellites, rockets, etc. 56 / 2019 68 / 2015
26:Development of high-pressure (1 atmosphere), flexible space suit for
use outside of a spaceship. 40 / 2014 46 / 2009
27:Development of fail operational space robot with self-diagnostic
capabilities and self-restoration capabilities. 60 / 2017 62 / 2014
29:Widespread use of gigabit-class global satellite communication
systems. 83 / 2013 78 / 2009
32:Set of optical or radio telescopes on the surface of the moon. 43/ 2021 50 / 2017
33:Creation of a permanent, manned station on the surface of the moon,
executing geological surveys of the moon, scientific observations from
the moon, and development of technology to utilize the moon's
resources.
49 / 2027 53 / 2025
34:Return of samples from other planets. 43 / 2013 51 / 2010
35:Long-term observation of the atmosphere of Venus by means of
balloons. 32 / 2016 41 / 2011
36:Realization of landing of manned spacecraft on Mars and the return to
the Earth. 39 / 2025 38 / 2025
37:Investigation of Mercury with orbiter. 36 / 2015 37 / 2015
39:Establishment of a large-scale optical/infrared astronomical observatory
at the Lagrange point of the sun and the Earth, in order to efficiently
avoid the effects of thermal radiation from the sun and the Earth.
37 / 2018 38 / 2018
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8.7. Table of survey results
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1 136 26 41 33 72 48 45 7 1 35 96 32 18
2 111 23 44 33 72 47 48 5 0 33 97 26 11
X 25 100 0 0 85 72 24 4 0 40 100 28 20
1 114 12 33 54 38 7 36 50 7 2 4 0 98
2 95 9 35 56 32 2 29 62 6 0 2 0 97
X 9 100 0 0 53 22 44 33 0 0 0 0 100
1 94 9 20 71 32 2 27 65 5 2 5 1 93
2 80 8 16 76 28 1 15 78 6 0 1 3 95
X 6 100 0 0 46 17 50 17 17 0 0 17 83
1 122 14 43 43 45 12 46 39 2 11 10 5 91
2 103 11 40 50 40 7 43 48 2 5 7 4 94
X 11 100 0 0 50 10 70 20 0 9 0 18 91
1 105 12 35 52 62 33 51 14 2 30 74 34 21
2 86 6 35 59 61 26 65 7 1 26 77 34 15
X 5 100 0 0 70 40 60 0 0 20 100 60 20
1 92 11 35 54 59 28 53 18 1 39 77 30 26
2 74 5 38 57 58 22 67 10 1 31 84 28 24
X 4 100 0 0 56 25 50 25 0 50 100 50 0
1 99 13 40 46 59 26 58 16 0 44 91 26 22
2 77 10 42 48 58 20 71 9 0 43 95 23 10
X 8 100 0 0 69 38 63 0 0 25 100 25 0
1 110 10 32 58 78 61 32 5 2 34 66 49 25
2 94 6 31 63 82 66 31 2 1 31 77 56 18
X 6 100 0 0 100 100 0 0 0 50 83 67 17
1 80 13 35 53 61 28 61 11 0 34 90 23 16
2 67 6 31 63 57 18 74 8 0 39 94 18 4
X 4 100 0 0 88 75 25 0 0 25 100 50 0
1 100 13 31 56 59 31 46 20 3 29 69 43 19
2 81 7 31 62 55 21 59 17 2 14 80 42 9
X 6 100 0 0 83 67 33 0 0 17 83 50 0
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1
2
3
4
5
6
7
8
9
10
Importance (index, %)
Development of a system that monitors the entire
global environment from satellites in real time
around the clock, and processes the data in orbit
for direct utilization from any place on the earth.
Development of a multi-satellite infrared space
interferometer system with ultra-high spatial
resolution capabilities, in order to search for
extraterrestrial life and earth-like planets outside
of our solar system.
Development of an orbital device for detecting
gravity waves using a multi-satellite system.
Development of technology for assembling large
telescopes of several tens of meters or more in
diameter in orbit.
Practical use of scattero-meter to be mounted on
artificial satellite for measuring wind velocity on
sea in the accuracy less than 1 m/s.
Practical use of a sea color sensor to be mounted
on artificial satellites with a spectral resolution of
10 nm or less.
Practical use of microwave radiometers to be mounted
on satellites, which are designed for measuring water,
soil moisture, salt deposit concentration, and ice/snow
distribution on land over the entire earth with a space
resolution of 1 km or less.
Realization of precision down to less than a centimeter
in measurement of crustal movement using VLBI (very
long baseline inter-ferometers), satellite lasers, inverse
laser ranging, and synthetic aperture radar to contribute
to earthquake forecasting etc..
Practical use of satellite-mounted microwave
sensors capable of measuring biomasses within
an accuracy of 1kg/m2 or less. (The dry weight of
plants determines the amount of carbon dioxide
exhausted, and this is related to global warming.
Development of satellite-mounted Doppler
LIDAR capable of measurement of three-
dimensional distribution of wind, with a swath
width of over 500 km along the satellite flight
direction.
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4 2 32 93 31 3 4 42 36 50 67 8 8 1 3 4 13 5 6
3 1 35 96 35 2 2 42 39 54 74 6 3 2 2 4 12 4 5
4 0 48 96 52 0 0 56 36 60 76 4 0 0 0 0 16 0 8
5 8 21 84 18 1 13 42 7 48 60 3 0 0 2 2 4 3 5
3 6 16 95 15 1 5 47 6 49 72 1 0 0 2 1 1 1 3
0 0 22 100 44 11 0 67 33 67 56 11 0 0 0 0 0 11 0
2 9 16 71 15 0 24 39 1 44 51 0 0 0 2 0 3 1 4
4 9 14 79 18 0 16 45 4 48 61 0 0 0 3 0 1 0 4
0 0 33 83 33 0 17 17 0 33 83 0 0 0 0 0 17 0 0
1 5 30 89 20 2 6 35 18 49 70 0 0 0 2 2 5 1 3
1 1 26 91 18 1 3 36 16 54 83 0 0 0 2 1 8 1 4
0 0 45 64 36 0 0 18 36 45 73 0 0 0 0 0 18 9 9
2 9 38 82 28 0 10 40 22 47 66 1 2 0 1 0 3 1 2
1 6 35 88 22 0 5 38 21 50 74 0 0 0 1 0 0 1 1
0 0 20 100 20 0 0 40 20 40 100 0 0 0 0 0 0 0 0
1 9 49 79 23 1 13 35 21 51 66 3 2 0 1 3 2 0 2
1 8 49 89 15 0 7 38 16 57 77 1 1 0 1 1 1 1 1
25 0 75 100 50 0 0 0 25 50 75 0 0 0 0 0 25 0 0
3 5 54 79 30 2 14 37 26 55 69 3 3 0 1 3 2 0 3
0 5 60 86 23 1 12 39 23 60 81 3 0 0 1 0 3 0 1
0 25 75 88 50 0 13 38 25 75 88 0 0 0 0 0 0 0 0
0 7 64 72 25 4 13 42 24 55 68 2 3 0 1 1 6 0 4
0 4 69 81 19 3 9 40 22 57 82 2 0 0 1 0 2 0 2
0 0 83 100 17 0 0 0 67 33 100 0 0 0 0 0 17 0 0
0 9 40 88 29 0 8 45 26 59 65 4 3 1 1 3 3 0 4
0 6 43 90 28 0 9 49 22 61 78 6 0 0 1 0 0 0 0
0 0 75 100 75 0 0 75 25 100 100 0 0 0 0 0 0 0 0
1 11 40 80 26 0 11 41 17 47 68 6 2 0 0 4 2 1 1
1 6 44 88 17 0 4 43 16 51 78 4 1 0 0 1 1 1 1
0 0 33 100 33 0 0 17 33 33 100 0 0 0 0 0 17 0 0
Forecasted realization time
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1 97 8 37 55 44 11 44 45 0 6 14 3 85
2 85 7 28 65 41 6 45 49 0 1 12 4 91
X 6 100 0 0 42 0 67 33 0 0 0 0 100
1 115 23 34 43 56 30 35 31 4 69 10 37 18
2 98 20 34 46 55 30 35 31 5 76 10 35 13
X 20 100 0 0 66 40 45 15 0 80 5 30 30
1 114 16 33 51 70 49 37 10 4 88 9 59 2
2 97 16 26 58 72 52 37 9 2 92 2 63 1
X 16 100 0 0 91 81 19 0 0 94 0 63 0
1 109 21 28 50 44 12 46 35 6 72 18 17 44
2 97 21 23 57 44 9 51 36 3 74 11 9 45
X 20 100 0 0 60 30 50 20 0 70 10 15 55
1 83 14 24 61 43 12 38 48 2 6 8 4 98
2 74 16 14 70 38 7 32 62 0 4 7 3 96
X 12 100 0 0 50 17 50 33 0 8 0 8 92
1 111 24 31 45 60 34 42 22 3 83 19 13 16
2 93 25 28 47 57 28 48 20 3 88 15 5 13
X 23 100 0 0 61 39 35 17 9 100 9 0 9
1 114 24 31 46 61 35 45 16 4 83 25 16 20
2 94 21 31 48 60 30 55 12 3 85 20 9 18
X 20 100 0 0 74 50 45 5 0 95 10 5 15
1 106 26 29 44 62 39 37 19 5 85 13 17 21
2 91 24 29 47 61 34 42 21 2 88 10 11 12
X 22 100 0 0 75 55 41 0 5 91 0 5 14
1 121 28 29 43 47 19 37 39 5 36 15 4 79
2 103 27 28 45 46 14 44 40 2 37 13 3 75
X 28 100 0 0 54 18 68 11 4 39 14 0 82
1 120 23 32 46 86 75 21 4 0 91 28 24 29
2 100 24 35 41 88 78 20 2 0 91 20 18 24
X 24 100 0 0 94 88 13 0 0 92 13 13 25
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Development of a system to detect cosmic radio
waves in the sub-millimeter waveband using
space interferometers.
Development of satellites weighing 1 kg or less
and having communications function.
Practical use of a constellation-type global
satellite system for high-speed Internet of at least
several tens of Mbps.
Realization of a private-run research institution in
orbit.
Elucidation of the chemical evolutionary process
relating to the origin of life through experiments
under an environment of cosmic dust and rays
while in orbit.
Development of a partially reusable (fly-back
booster) space transportation craft.
Development of a single-stage space plane that
flies like a conventional aircraft between earth
and space stations, and is capable of recovering
non-operational satellites.
Development in Japan of a two-stage space plane
whereby a winged spacecraft powered by
reusable rocket engines is launched from a high-
speed aircraft powered by air-breathing engines.
Realization of bases for transporting to the moon
and planets in middle or low-level orbiting
transport.
The cost of rocket thrusted space transportation
will be reduced to less than 1/10 current levels.
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0 4 62 73 30 1 10 43 19 45 64 1 0 1 0 2 1 0 1
0 4 67 84 24 1 7 53 8 51 76 0 1 1 0 0 0 0 0
0 0 67 83 33 0 0 67 0 17 100 0 0 0 0 0 0 0 0
6 5 33 82 37 0 7 37 44 40 50 17 7 2 0 11 5 2 4
3 5 32 90 31 1 3 38 50 44 60 13 3 2 0 13 5 2 4
0 0 10 95 35 0 0 45 45 50 65 20 10 0 0 10 5 0 10
4 4 34 91 30 0 2 25 46 39 61 25 15 1 2 7 5 4 3
4 1 35 91 28 0 3 23 61 38 64 25 9 0 0 7 2 3 1
6 0 44 94 44 0 0 13 63 44 81 13 13 0 0 13 6 13 6
6 11 10 86 17 8 10 32 50 34 39 41 20 2 1 6 6 2 1
5 7 6 90 11 9 6 30 59 31 35 44 14 1 0 3 5 3 1
0 0 15 95 15 15 0 35 40 40 40 55 10 0 0 5 10 5 5
16 10 31 76 16 2 17 54 10 48 52 1 2 0 0 1 5 8 1
14 8 20 86 14 3 11 66 11 54 55 3 0 0 0 1 4 3 0
17 0 33 92 17 0 0 58 8 50 67 0 0 0 0 0 8 0 0
2 2 19 89 13 5 6 40 34 58 77 14 4 1 1 7 4 0 2
1 2 12 94 4 4 5 41 29 57 81 9 3 0 1 10 3 2 0
4 4 13 100 4 0 0 48 26 48 87 9 0 0 4 13 9 0 0
4 5 16 91 7 3 5 43 39 54 70 7 3 1 2 6 6 3 2
2 1 14 93 3 2 3 44 34 65 77 4 2 0 1 9 7 2 0
0 0 15 95 5 0 0 50 40 75 85 5 0 0 5 10 15 0 0
8 10 28 80 9 2 7 50 43 59 76 11 5 1 2 8 6 1 2
5 9 26 86 4 0 3 52 42 69 80 7 3 0 1 9 5 1 1
18 9 32 91 9 0 0 55 50 73 91 14 5 0 5 9 14 0 5
3 8 11 93 14 12 5 45 29 48 66 4 2 1 2 4 4 3 2
4 3 9 93 10 11 4 45 32 55 74 2 0 0 2 2 4 3 0
7 4 11 100 14 21 0 54 39 64 82 7 0 0 4 0 0 4 0
5 6 16 87 36 15 6 44 48 52 71 21 14 2 3 12 5 1 1
4 4 9 92 36 12 4 43 53 58 77 14 10 1 2 9 1 1 0
4 4 8 96 33 13 0 38 54 50 67 8 17 0 4 4 4 0 0
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1 91 16 27 56 52 18 53 29 0 31 13 40 38
2 78 17 24 59 52 18 55 26 1 28 12 47 37
X 13 100 0 0 54 31 31 31 8 46 8 69 23
1 118 18 38 44 61 31 51 17 1 36 47 15 18
2 102 17 37 46 60 27 59 13 1 31 63 13 15
X 17 100 0 0 74 53 35 12 0 24 59 29 18
1 115 17 33 50 60 30 50 17 2 33 60 15 7
2 101 13 36 51 56 22 60 17 1 28 72 9 3
X 13 100 0 0 79 62 31 8 0 38 69 31 0
1 116 22 44 34 63 36 44 20 0 79 23 14 16
2 101 19 45 37 62 31 54 15 0 87 23 11 15
X 19 100 0 0 75 53 42 5 0 100 16 21 26
1 100 18 26 56 55 26 40 32 1 51 44 17 45
2 89 18 27 55 50 16 52 31 1 55 48 13 46
X 16 100 0 0 69 44 44 13 0 50 56 38 31
1 77 12 23 65 46 16 37 46 1 45 13 14 35
2 70 9 23 69 40 9 36 54 1 61 6 4 37
X 6 100 0 0 42 17 17 67 0 83 0 17 17
1 97 13 36 51 63 36 44 19 1 68 13 13 32
2 92 9 33 59 61 28 59 12 1 77 8 7 32
X 8 100 0 0 84 75 13 13 0 75 0 0 13
1 114 18 38 45 50 21 40 35 4 18 18 0 89
2 97 18 35 47 51 19 51 27 3 16 9 1 88
X 17 100 0 0 75 59 24 18 0 29 12 0 76
1 109 19 35 46 78 63 28 6 3 85 19 59 6
2 95 17 34 49 83 72 21 4 3 88 8 66 3
X 16 100 0 0 94 88 13 0 0 94 6 56 0
1 118 14 35 51 73 48 47 4 0 88 25 56 9
2 100 13 30 57 78 59 36 5 0 93 12 60 3
X 13 100 0 0 92 85 15 0 0 100 15 31 8
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Establishment of a remote medical
diagnosis/treatment system for astronauts.
Observation and monitoring of relatively large space debris
of several millimeters (orbiting trash such as shards from
satellites and rockets, man-made material ejected into space,
etc.) become possible, thereby ensuring the safety of people
staying in space at space stations etc.
Removal of large (tens of centimeters and larger)
space debris such as pieces of spent satellites,
rockets, etc.
Widespread use of service systems, such as
supply, inspection, and parts exchange, for
satellites in orbit.
Development of life support technology using a
closed ecosystem able to self-supply vegetables,
grain, animal protein, and other food in space.
Development of high-pressure (1 atmosphere),
flexible space suit for use outside of a spaceship.
Development of fail operational space robot with
self-diagnostic capabilities and self-restoration
capabilities.
Realization of a large-scale orbspace telescope or
interferometer using several satellites orbiting in
formation.
Widespread use of gigabit-class global satellite
communication systems.
Practical use of a commercial high-accuracy
positioning system.
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1 3 23 93 15 10 3 56 35 56 54 5 11 0 1 0 1 4 1
1 4 24 99 14 8 0 55 35 62 60 3 9 0 1 0 1 3 0
0 0 31 100 23 8 0 77 54 85 69 8 15 0 0 0 0 8 0
8 7 26 92 25 2 3 41 25 58 61 3 2 3 1 2 3 0 2
7 3 27 93 19 2 3 37 25 59 70 1 0 4 1 3 2 0 1
24 0 47 100 35 6 0 35 35 59 82 0 0 6 6 0 0 0 0
10 10 20 83 14 2 10 32 23 57 56 6 1 5 2 3 1 1 1
8 6 23 84 13 0 8 30 26 58 63 3 1 6 1 2 1 0 0
15 0 46 85 31 0 8 38 46 54 69 8 0 8 8 0 0 0 0
3 4 28 88 13 7 6 38 30 56 67 12 3 1 1 3 3 0 2
4 2 31 94 10 6 2 35 30 61 74 8 0 1 1 2 1 0 0
0 0 32 95 21 5 0 32 21 63 84 11 0 0 5 0 0 0 0
2 7 19 86 13 14 7 55 32 67 66 9 3 0 0 4 4 4 1
2 6 22 92 10 10 3 54 28 71 71 7 1 0 0 3 3 3 0
0 0 44 100 25 13 0 50 31 69 75 6 0 0 0 6 0 0 0
1 8 5 97 10 25 1 34 27 58 60 12 1 0 0 0 4 0 0
0 9 6 97 9 26 0 29 30 61 67 7 0 0 0 0 1 0 0
0 0 17 100 17 17 0 33 50 50 83 17 0 0 0 0 0 0 0
0 5 59 81 15 1 3 54 36 49 68 10 0 0 0 2 4 1 0
0 5 63 89 10 0 2 61 33 58 77 5 0 0 0 1 1 1 0
0 0 75 88 13 0 0 63 25 38 100 0 0 0 0 0 0 0 0
1 3 37 85 34 1 6 43 18 54 69 1 1 0 1 4 1 0 2
1 1 42 89 34 0 3 43 11 58 76 0 1 0 1 4 0 0 2
0 0 47 82 35 0 6 24 24 59 82 0 6 0 0 6 0 0 6
4 6 60 92 30 0 2 31 54 50 72 25 15 0 0 3 6 5 2
2 4 63 97 28 0 0 26 59 51 76 16 9 0 1 3 3 1 1
0 0 75 100 38 0 0 19 56 50 81 13 13 0 0 6 0 6 0
4 7 20 94 29 9 2 25 49 48 60 35 19 0 1 4 7 3 2
5 6 17 98 31 6 0 21 50 52 69 31 12 0 1 4 4 0 1
0 8 15 100 38 8 0 8 38 54 85 15 23 0 0 8 8 0 0
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1 122 13 42 45 68 49 28 18 5 84 62 34 4
2 106 11 40 49 73 59 19 17 5 86 59 27 5
X 12 100 0 0 88 83 8 0 8 92 83 25 0
1 120 15 28 57 45 13 44 40 3 5 7 0 98
2 101 13 32 55 43 9 50 39 3 4 6 0 95
X 13 100 0 0 58 23 62 15 0 8 8 0 92
1 122 18 29 53 53 24 40 33 3 48 26 7 84
2 103 17 29 53 49 16 53 28 3 55 22 5 83
X 18 100 0 0 60 33 44 17 6 61 33 6 72
1 119 18 31 50 45 13 44 40 3 7 3 1 98
2 100 20 32 48 43 9 48 40 3 6 4 0 96
X 20 100 0 0 68 40 50 10 0 5 10 0 100
1 95 16 25 59 37 7 32 56 5 2 3 0 95
2 80 15 25 60 32 3 28 63 8 3 3 0 91
X 12 100 0 0 48 8 67 25 0 8 8 0 100
1 121 20 31 49 44 18 27 50 4 18 16 2 95
2 102 21 31 48 39 10 33 52 5 13 13 0 96
X 21 100 0 0 55 29 38 29 5 19 19 0 90
1 105 17 29 54 38 8 33 54 6 4 2 1 94
2 91 15 32 53 36 6 30 60 4 2 1 1 91
X 14 100 0 0 63 36 43 21 0 7 7 0 100
1 102 18 27 55 35 8 27 56 9 3 3 0 95
2 88 16 28 56 32 3 25 64 7 0 0 0 93
X 14 100 0 0 52 21 50 21 7 0 0 0 100
1 97 15 29 56 39 9 33 54 4 5 7 3 93
2 88 15 26 59 37 9 25 61 5 1 2 2 95
X 13 100 0 0 54 23 46 31 0 0 0 0 100
1 103 13 21 66 46 19 29 48 4 4 7 1 97
2 87 14 16 70 42 16 23 55 6 3 6 1 95
X 12 100 0 0 60 42 25 25 8 8 17 0 100
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Transmission of electric power to earth by
microwave or laser from photovoltaic power
generation plants with massive solar-cell arrays
constructed in space.
Set of optical or radio telescopes on the surface of
the moon.
Creation of a permanent, manned station on the
surface of the moon, executing geological surveys
of the moon, scientific observations from the
moon, and development of technology to utilize
the moon's resources.
Exploration of Saturn and other planets beyond it
using satellites in orbit.
Establishment of a large-scale optical/infrared
astronomical observatory at the Lagrange point of
the sun and the Earth, in order to efficiently avoid
the effects of thermal radiation from the sun and
the Earth.
Discovery of extraterrestrial life or its traces
within the soil of Mars.
Return of samples from other planets.
Long-term observation of the atmosphere of
Venus by means of balloons.
Realization of landing of manned spacecraft on
Mars and the return to the Earth.
Investigation of Mercury with orbiter.
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13 7 41 84 14 1 8 39 47 61 66 15 11 6 2 54 34 0 4
12 6 48 90 11 0 5 34 53 65 73 10 7 4 2 47 31 0 4
8 0 58 92 17 0 0 25 58 33 92 0 8 0 8 33 17 0 17
3 11 34 81 13 2 11 48 21 58 66 3 2 2 1 3 3 0 1
3 7 46 89 11 2 7 50 19 56 78 2 2 1 1 4 3 0 0
0 0 69 92 38 8 8 38 31 46 92 8 15 8 0 0 8 0 0
4 10 25 93 16 7 4 51 35 66 70 5 1 1 2 6 2 2 2
3 9 25 93 13 6 3 51 31 69 78 3 1 0 2 5 2 2 2
6 0 50 94 39 11 0 44 39 78 89 6 6 0 0 6 0 0 6
0 3 38 95 14 6 2 45 15 59 71 2 1 1 0 6 6 0 3
0 0 40 97 15 2 1 47 11 57 74 2 1 0 0 4 6 0 2
0 0 55 100 25 0 0 55 20 50 90 5 5 0 0 5 10 0 0
2 5 23 88 9 9 5 54 14 55 58 1 1 0 1 2 1 0 2
3 5 24 94 10 8 3 55 9 55 66 3 1 0 1 1 1 0 1
0 0 58 92 25 8 0 75 25 58 67 8 8 0 8 0 0 0 0
2 8 3 98 6 9 1 53 26 66 67 3 2 0 2 4 3 2 2
1 4 7 97 5 7 1 53 20 64 72 1 1 0 2 2 3 1 0
0 0 19 100 10 10 0 57 24 71 71 5 5 0 5 0 0 0 0
2 8 27 88 25 4 4 49 12 58 65 2 1 0 1 1 2 0 2
0 3 29 93 27 1 1 47 10 59 70 2 1 0 1 1 1 0 1
0 0 43 93 50 0 0 57 36 57 86 7 7 0 7 0 0 0 0
0 9 11 93 13 4 2 46 14 54 60 1 3 0 0 3 4 2 1
1 6 13 91 11 0 2 52 9 55 67 1 1 0 0 2 3 1 0
0 0 21 86 14 0 0 57 21 36 64 7 7 0 0 0 0 0 0
4 18 28 75 23 1 14 48 16 55 63 2 1 0 0 2 1 0 1
5 11 36 88 23 0 7 52 11 60 72 5 1 0 0 1 1 0 0
15 0 38 100 31 0 0 54 31 46 69 15 8 0 0 0 8 0 0
10 26 10 94 10 4 3 52 18 59 67 3 2 0 0 2 3 0 3
5 18 10 94 7 2 1 55 11 59 74 3 1 0 0 1 2 0 1
8 8 17 100 0 8 0 33 25 58 83 8 8 0 0 8 0 0 0
Forecasted realization time
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9.  Survey Results in “Resources and Energy”
9.1. Survey Results in “Resources”
9.1.1. Trends in noteworthy domains
(1) Mineral resources
Topics in the resources field can roughly be classified into three categories: I. mining of metal
resources, II. extraction of metals, and III. fabrication of metals. The top five topics in terms of the degree
of importance to Japan are shown in the table below.
1st 2nd 3rd 4th 5th
I Topic 08
II Topic 13 Topic 05 Topic 06
III Topic 04
Category II, the extraction of metals including the recovery of resources from “urban mines”
accounted for three of the top five topics. The topic 13, a carried-over topic first introduced in 1985,  was
ranked 1st for the second consecutive time in the latest survey. However, its forecasted realization time
was pushed back from 2009 to 2014. While topic 05 was ranked 3rd, it came first in terms of the
percentage of respondents answering “will not be realized” (9%). Topic 06, a newly introduced topic, was
ranked 5th, and this, interestingly, appeared to be testimony to a growing interest in the recycling of metals
including halides. An overall implementation system for the recycling, including a 3R program, is being
established through the introduction of a legislative framework, etc.
Category I, the mining of metal resources, claimed one topic, topic 08, which was ranked 2nd. The
topic, forecasted to be realized in 2022, was reintroduced for the first time at the 4th survey (1985).
Several basic technologies have reached the pre-commercialization phase, with surveys on the impact of
mining activities on the habitat of the bottom fauna undertaken in recent years. These technologies appear
to be entering the practical utilization stage in light of the fact that land-based mining activities are turning
deeper and deeper into the ground, although it does depend on progress in the recycling of resources from
urban mines and other factors. Notably, the topic was ranked 3rd in terms of the percentage of respondents
answering “will not be realized”.
Category III, the fabrication of metals, also claimed one topic, topic 04, which was ranked 4th. The
topic, forecasted to be realized in 2012, was newly introduced. This result expresses high social
expectations for the efficient use of finite resources, which extends to the exploration of the potential of
nano-metallurgy.
Six topics scored more than 80% in the “expected effect” question as follows: topics 04, 12, 02, 03
and 11 in terms of 1) “contribution to socioeconomic development”; and topic 13 in terms of 2)
“resolution of various problems of a global scale”.
With most of the topics in this field, over 60% of respondents specified their “degree of expertise” to
be “low”. Given the broadness of the field, such a figure may be inevitable, but this fact should be given
due attention when analyzing survey results. In this regard, topics 13 and 03 scored relatively low (58%),
and this may indicate a high level of interest.
Based on these survey results and recent trends in technological development, “stable supply of raw
materials” and “transition to a recycling-oriented society” have been identified as the most important
issues in this field. As a result, an overview of the two areas that encompass these issues will be given
below in terms of their present state and future outlook.
(a) Stable supply of raw materials necessary to society
According to 1999 statistics, the world consumption of copper, one of the main nonferrous metals,
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stands at 2.4 kg per person per year. This means that if and when the world population reaches 10 billion,
the demand for copper will rise to 24 million tons per year, approximately 10 million tons more than the
current level, assuming that the per capita annual consumption rate will not change. Despite this, the
recoverable reserves of copper are estimated to be only equivalent to 40 years of supply, and this points to
a gradual rise in supply instability. For this reason, the efficient confirmation of new reserves through the
development of advanced exploration technologies, the recovery of resources from the deep sea floor, and
the development of new processing technologies capable of dramatically reducing the consumption of
fossil fuels are desired.
There is strong interest in the recycling of resources from various waste materials, and technological
development is being vigorously pursued. Nevertheless, relatively few processes have been put to practical
use due mainly to economic factors. The emergence of new technologies that will mitigate global
environmental problems and prevent/control local environmental pollution while paying due attention to
the depletion of resources is awaited. One approach that should be investigated is the establishment of a
worldwide network of interprocess links - i.e. the utilization of wastes from other industries as raw
materials.
(b) Biometallurgy
The recycling of resources based on the use of fossil fuels has its limitations, and hopes are pinned on
biotechnology as a potential breakthrough technology. In the extraction of copper, for example, iron-
oxidizing bacteria that are able to survive at high temperature have been discovered, and this has made it
possible to develop an economically viable process by dramatically increasing the copper leaching rate,
with the construction of a demonstration pilot plant already begun. Along with the utilization of solar
energy, biometallurgy as understood in the broad sense of the term, which includes the utilization of
sundry plants on the earth, is expected to advance in various fields.
(Takahiko Okura)
 (2) Water resources
(a) Trends
In this field, trends in technological development relating to each stage of the water cycle on Earth -
namely precipitation, environmental water bodies (oceans, lakes, rivers, permanent snow, glaciers and
groundwater), utilization (municipal, industrial and irrigation water) and wastewater treatment (sewerage,
septic tanks and factory wastewater treatment plants) are to be investigated, as viewed from the
perspectives of disaster protection, water use and water quality improvement.
From the water resource point of view, the total amount of freshwater available worldwide is limited,
accounting for only a fraction of the water that exists on the planet (97% of all water being saltwater), so it
must be used rationally. However, this is complicated by the uneven geographical and seasonal
distribution of freshwater, especially given the recent wide wild fluctuations in precipitation patterns.
For example, although countries like India and Bangladesh have considerable annual precipitation,
rainfall is concentrated in the monsoon season, with severe water shortages occurring during the dry
season. Moreover, torrential rains that fall during the monsoon season trigger flash floods which take a
heavy toll in both human lives and poverty. Therefore, the actions that need to be taken to solve the water
resource problem can be summarized as prevention/control of natural disasters through the elucidation of
abnormal precipitation phenomena caused by climate change, rational use of water based on the
coordination of purposes, and development of water treatment technology according to the purpose of
water use. Regarding water use, an international water sharing system has been proposed, while need for a
water utilization system that integrates the supply of drinking water, industrial water and irrigation water
has arisen domestically. However, the following must be taken into account as factors that make the
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resolution of the water problem difficult:
- water must be supplied as affordably as possible, as it is an indispensable commodity in daily life;
- water is liquid and so it has high incurs large long-distance transportation costs; and
- water resources are indigenous, so people’s attitudes to water are greatly influenced by the local culture,
religion and community attitudes towards nature.
To improve water quality, pollutants need to be removed from it. Although removal technology has
been established for ordinary pollutants, research into inexpensive and simple water treatment technology
for developing countries is yet to be undertaken. Efforts to develop removal technology for carcinogenic
and endocrine disrupting pollutants also need to be stepped up.
(b) Analysis of survey results by topic
In the water resource area, 14 topics were included. In terms of the degree of importance to Japan,
water quality improvement technology scored an average of 67.6, followed by water resource
development technology (64.2), and water disaster prevention/control technology (64.1). Topics 19 and 26
scored particular high, at 80 and 79, respectively, indicating strong needs for the kinds of technology
covered by these topics.
Water resources-related topics attracted a large proportion of respondents choosing “response to
people’s needs” as an “expected effect” (69.9%), confirming the vital importance of water in daily life.
With topic 25, a high 72% of respondents chose “resolution of various problems of a global scale”, and
this appears to show the likely direction of future international cooperation.
Forecasted realization times fell in the 2011-2015 range, which is relatively early. This appears to
indicate respondents’ willingness to make this happen.
Japan was chosen as the current leading country by the largest proportion of respondents (64.5%),
which far exceeded the scores received by the second placed U.S. (26.3%) and EU (20.9%), and this is
testimony to Japan’s high level of technological expertise in the water resource area. At 82%, the score
was particular high with topic 23, and this reflects some of Japan’s national characteristics, high
precipitation and the widespread use of IT equipment. In contrast, the percentage was low for topic 27
(38%), indicating slow progress in research in this area, and need for stepped-up efforts.
As “potential problems in Japan”, “adverse effect on the natural environment” and “adverse effect on
safety” were cited by 21.4% and 11.5% of respondents, respectively, indicating that this area is perceived
as relatively problem-free because of the affinity of technology with the natural environment.
(Tetsuo Hayakawa)
9.1.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
342
Topic Framework for Resources field
<Mineral Resources>
Domain
Objective Metal Non-metal Scarce resources Common
Exploration, recovery and
extraction
01 02 03 08 09 10 11
Application
development/recycling
04
Substitution 07
Environmental protection
and safety
05 06 12 13
<Water Resources>
Domain
Objective Rainfall
Seas, rivers, lakes
and groundwater
Municipal water
supply and
sewage /drainage
services
Common
Water resource
development technology
14 15 16 17 18
Flood prevention/
preparedness technology
19 20 21 22 23
Water quality
improvement technology
24 25 26 27
9.1.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below. Degree of importance index scores
averaged 60.9 for topics in the resources field as a whole. Topics judged to be particularly important to
Japan (top 10 topics in terms of degree of importance index score) are listed in the table below.
 Table 3.9-1   Top 20 topics in terms of degree of importance
Topic Importanceindex
Forecasted
realization time
13:Practical use of rational methods of collecting and recycling useful
substances in urban garbage based on an LCA (life cycle assessment)
perspective.
83 2014
08:Practical use of economical techniques to recover deep ocean metal
resources, such as manganese nodules, colloidal or hydrothermal deposits
of heavy metals, and cobalt-rich crusts.
65 2022
05:Practical use of iron making process whose fuel consumption is less than
half the current level, through the use of hydrogen or methane. 63 2018
04:Development of technology for manufacturing ultra-thin metal foil less
than 1 micron in thickness. 60 2012
06:Widespread use of  recycled alkali metals or alkaline earth metals in
Japan. 58 2017
07:Partial replacement of copper and aluminum by organic electrical
conductors such as polymers. 57 2015
09:Development of semiquantitative evaluation technology for mineral
resources based on data taken by artificial satellites. 57 2016
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Topic Importanceindex
Forecasted
realization time
02:Practical use of new functional materials such as high-strength copper
developed through microstructural control. 56 2015
10:Practical use of ultra-deep drilling and excavating technologies applicable
to severe condition of up to 400℃ and a depth of 15 km. 52 2019
03:Widespread use of hydrometallurgical process with a copper and noble
metals extraction rate equivalent to the ore dressing-dry refining process
(e.g. 85% x 98% ≒83%).
50 2015
19:Establishment of accurate rainfall forecasting technology capable of
providing timely flooding and landslide forecasts. 80 2013
26:Widespread use of technology for removing a wide range of pollutants
such as endocrine-disrupting substances in addition to common pollutants
such as phosphorus and nitrogen compounds in sewerage and other
wastewater treatment.
79 2016
24:Widespread practical use of water treatment technologies that contribute
to improvement in the environmental quality of rivers and lakes and
facilitate the use of water taken from them over a wide area.
77 2013
14:Obtainment of insight into the mechanism by which climate change
causes unusual precipitation (heavy rain or draught),, and widespread
introduction of measures to ensure adequate water resources in response to
changes in precipitation characteristics.
75 2017
27:Development of a highly accurate environmental impact prediction
technology for trace water contaminants that are carcinogenic or
endocrine-disrupting, etc.
73 2015
22:Widespread use of water supply pipes made of new materials that are
highly resistant to earthquakes and other disasters and their installation
technologies.
68 2013
16:Widespread use of technology for efficiently removing soil deposit in
reservoirs by flushing appropriate amounts of storage to prevent its
buildup so as to rejuvenate the dams and extend their service life.
66 2014
20:Widespread use of levees designed not to break even if overflow occurs
and constructed by using high-standard levees and new materials. 64 2014
17:Widespread use of treated recycled water at housing complex, small-scale
industries, etc. following advances in sewage and wastewater treatment
technologies.
61 2013
15:Widespread implementation of conservation and rational use of
groundwater following advances in technology for monitoring
groundwater flow, level and distribution.
60 2017
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9.1.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. In the resources field,
the peak of the distribution lay between 2011 and 2015, and this is similar to the general trend combining
all fields.
Figure3.9-1   Forecasted realization times
9.1.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. In the resources field, Japan was chosen as the leading country by the highest percentage of
respondents in relation to both mineral and water resources, followed by the U.S.
Figure 3.9-2   Current leading countries (%)
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9.1.6.  Comparison with the 6th survey (previous survey)
A total of 28 topics were included in the latest survey (13 relating to mineral resources and 14 to
water resources). Of the 13 topics relating to mineral resources, 6 were carried over (content identical to
the previous survey), 3 were modified (content partially changed from the previous survey) and 4 were
newly introduced. The percentage shares of these topics were 46, 23 and 31, respectively. Of the 14 topics
relating to water resources, 3 were carried over, 7 were modified and 4 were newly introduced. The
percentage shares of these topics were 21, 50 and 29, respectively. For carried-over topics, findings in the
latest survey concerning degree of importance index scores and forecasted realization times were
compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance to Japan, the score rose for 3 topics, fell for 5 topics and
remained unchanged for 1 topic.
The forecasted realization time was pushed back for 8 topics and brought forward for 1 topic.
Table 3.9-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
01:Widespread use of biotechnology for extraction and separation of metal
elements. 49 / 2019 49 / 2017
08:Practical use of economical techniques to recover deep ocean metal
resources, such as manganese nodules, colloidal or hydrothermal deposits
of heavy metals, and cobalt-rich crusts.
65 / 2022 68 / 2017
09:Development of semiquantitative evaluation technology for mineral
resources based on data taken by artificial satellites. 57 / 2016 62 / 2013
10:Practical use of ultra-deep drilling and excavating technologies applicable
to severe condition of up to 400℃ and a depth of 15 km. 52 / 2019 56 / 2016
11:Practical use of a "hard-rock" drilling technique based on water jets. 40 / 2013 52 / 2009
12:Practical use of a highly economical unmanned mining technique that
combines robot technologies. 43 / 2015 50 / 2012
14:Obtainment of insight into the mechanism by which climate change
causes unusual precipitation (heavy rain or draught),, and widespread
introduction of measures to ensure adequate water resources in response to
changes in precipitation characteristics.
75 / 2017 68 / 2013
20:Widespread use of levees designed not to break even if overflow occurs
and constructed by using high-standard levees and new materials. 64 / 2014 61 / 2015
24:Widespread practical use of water treatment technologies that contribute
to improvement in the environmental quality of rivers and lakes and
facilitate the use of water taken from them over a wide area.
77 / 2013 68 / 2010
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9.1.7.  Table of survey results
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2 109 6 19 74 49 14 52 34 0 44 63 5 14
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2 79 5 24 71 56 22 60 17 1 82 10 13 10
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Widespread use of biotechnology for extraction
and separation of metal elements.
Practical use of new functional materials such as
high-strength copper developed through
microstructural control.
Widespread use of hydrometallurgical process
with a copper and noble metals extraction rate
equivalent to the ore dressing-dry refining process
(e.g. 85% x 98% ≒83%).
Development of technology for manufacturing
ultra-thin metal foil less than 1 micron in
thickness.
Practical use of iron making process whose fuel
consumption is less than half the current level,
through the use of hydrogen or methane.
Widespread use of  recycled alkali metals or
alkaline earth metals in Japan.
Partial replacement of copper and aluminum by
organic electrical conductors such as polymers.
Practical use of economical techniques to recover
deep ocean metal resources, such as manganese
nodules, colloidal or hydrothermal deposits of
heavy metals, and cobalt-rich crusts.
Development of semiquantitative evaluation
technology for mineral resources based on data
taken by artificial satellites.
Practical use of ultra-deep drilling and excavating
technologies applicable to severe condition of up
to 400℃ and a depth of 15 km.
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Practical use of a "hard-rock" drilling technique
based on water jets.
Practical use of a highly economical unmanned
mining technique that combines robot
technologies.
Practical use of rational methods of collecting and
recycling useful substances in urban garbage
based on an LCA (life cycle assessment)
perspective.
Obtainment of insight into the mechanism by which
climate change causes unusual precipitation (heavy rain
or draught),, and widespread introduction of measures
to ensure adequate water resources in response to
changes in precipitation characteristics.
Widespread implementation of conservation and
rational use of groundwater following advances in
technology for monitoring groundwater flow,
level and distribution.
Widespread use of technology for efficiently
removing soil deposit in reservoirs by flushing
appropriate amounts of storage to prevent its
buildup so as to rejuvenate the dams and extend
their service life.
Widespread use of treated recycled water at
housing complex, small-scale industries, etc.
following advances in sewage and wastewater
treatment technologies.
Widespread use of "nature-oriented river
reconstruction" technology that can significantly
improve living situation of animals and plants,
landscape, and easy access to the water.
Establishment of accurate rainfall forecasting
technology capable of providing timely flooding
and landslide forecasts.
Widespread use of levees designed not to break
even if overflow occurs and constructed by using
high-standard levees and new materials.
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Widespread use of technology for monitoring
levees etc. by sensors using optical fibers in
preparation for disasters.
Widespread use of water supply pipes made of
new materials that are highly resistant to
earthquakes and other disasters and their
installation technologies.
Development of a social system based on
navigation technology using portable personal
terminals capable of facilitating evacuation
operations.
Widespread practical use of water treatment
technologies that contribute to improvement in
the environmental quality of rivers and lakes and
facilitate the use of water taken from them over a
wide area.
Development of technology for on-site removal
of arsenic, fluorine etc. using inexpensive and
simple equipment to improve water quality in
developing countries
Widespread use of technology for removing a wide
range of pollutants such as endocrine-disrupting
substances in addition to common pollutants such as
phosphorus and nitrogen compounds in sewerage and
other wastewater treatment.
Development of a highly accurate environmental
impact prediction technology for trace water
contaminants that are carcinogenic or endocrine-
disrupting, etc.
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0 3 80 18 36 0 12 22 45 37 60 12 9 24 1 26 8 1 1
0 0 96 24 44 0 0 36 52 44 52 4 16 36 4 12 8 0 4
3 12 36 28 22 0 38 31 27 32 47 16 3 8 1 16 11 5 3
1 7 46 33 22 0 34 31 27 33 58 10 3 9 0 21 15 2 3
0 0 75 25 25 0 25 25 50 0 25 0 25 0 0 25 0 25 0
4 6 45 35 29 0 32 35 42 40 59 8 4 28 0 17 11 4 5
2 4 54 38 26 0 26 34 46 41 66 5 1 25 0 24 13 1 2
7 7 80 53 33 0 0 40 47 27 67 0 0 40 0 13 7 7 7
3 8 34 47 28 1 28 42 32 46 54 9 1 22 1 10 11 4 4
2 6 38 66 28 0 16 44 31 58 62 7 2 18 0 14 11 2 2
0 0 43 71 14 0 14 57 29 57 71 0 0 29 0 29 14 0 0
Leading countries (%)Forecasted realization time
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9.2. Survey Results in “Energy”
9.2.1. Trends in noteworthy domains
In the latest survey, a set of questions concerning the outlook of the world 30 years into the future
were introduced again to the “resources and energy” field. Of the several population and economic growth
scenarios proposed by the IPCC to estimate greenhouse gas emissions, four typical ones were selected and
put to respondents for their views.  Of these, the “balanced development” scenario that seeks compatibility
between environmental protection and economic development and “bottom-up development” scenario that
gives priority to local problems and fairness received about the same level of support.  The former is
characterized by the lowest CO2 emissions resulting from the lowest primary energy consumption, while
the latter is characterized by a gradual increase in CO2 emissions towards 2050 and 2100.  It should be
noted that the majority of experts consider it difficult to put a curb on rising CO2 emission levels.
Asked to choose the most effective type of measures in solving rising CO2 emission levels and other
global environmental problems from economic, ethical and technological measures, the greatest number of
respondents chose economic measures, followed by ethical measures and then technological measures.
Technological measures, which were ranked second in the previous survey, were taken over by ethical
measures in the latest survey.  This appears to indicate that respondents favor the idea of proceeding with
economic and ethical measures, such as lifestyle changes, the introduction of various regulatory controls,
and subsidization of a switch from fossil fuels to renewable energy, even in the absence of technological
measures due to their long developmental lead time. Ironically, one of the findings of this part of the
survey, which was aimed at identifying promising technologies and priority development technologies, is
that people’s expectations for technology have steadily declined, and this deserves proper analysis.
An overview of two noteworthy domains chosen on the basis of the degree of importance will be
presented below in terms of their present state and future outlook.
(1) Battery/cell technologies
In the connection of Japan’s status as the world No. 1 producer of solar cells and substantial
subsidization measures put in place to promote their use, there are great expectations for solar cells, with
two topics relating to this technology featuring in the top 20: topic 35, which represents a goal of large-
scale solar cell development with efficiency over 20%, and topic 41, which represents a goal for the spread
of solar cell use in private house power-generation.
Amid newspaper and other reports on vehicles powered by solid polymer fuel cells (EPFCs)
undergoing road tests, interest in fuel cells is growing, and this is reflected by the fact that the top 20
included three topics relating to this technology: 53, 71 and 70.
In addition, two topics relating to storage batteries, 58 and 60, also featured in the top 20, bringing
the battery/cell technology share of the top 20 to seven. The number even rises to eight if another topic
relating to electric cars is also included, on the grounds that storage battery development holds the key to
the popularization of electric cars. This clearly shows the high expectations people hold for battery/cell
technologies.
(2) Clean fuel development technology
Such high expectations for electric cars and fuel cell-powered vehicles stem from the view that the
development of clean vehicles is essential for the resolution of global environmental problems. This will
inevitably lead to greater demand for cleaner fuels such as hydrogen, raising strong hopes for the
commercialization of methane hydrate recovery technology, as well as technology to produce hydrogen
via thermochemical decomposition and technology to manufacture synthetic fuels, such as methanol and
DME, from coal, biomass, etc.
With advances in fuel cell technology development, new topics such as those relating to technologies
to manufacture hydrogen and other clean fuels and those relating to the development of a social
infrastructure necessary for the supply of clean fuels will emerge in the future.
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(3) Miscellaneous issues
Centering on coal gasification/liquefaction, nuclear fusion and fast breeder reactor, coal and nuclear
were basically the only technology areas associated with a negative image as manifested by the dominance
of “will not be realized” and “do not know” answers to the forecasted realization time question and a large
proportion of respondents citing “potential problems in Japan”.
Given that coal is the fossil fuel boasting the largest reserves, the development of clean coal
utilization technologies, such as liquefaction and gasification, will be essential for developing countries,
where energy consumption is expected to skyrocket in the future as economic development accelerates.
Even methanol and DME, clean fuels already discussed as important issues, depend on coal, as they hinge
on the gasification of coal or utilization of coal-bed methane. In addition, the termination of the
development of nuclear fusion as the ultimate clean and inexhaustible energy technology would not be
justified. For these reasons, the means and efforts to win broad public understanding of the importance of
these technologies are indispensable.
(Kunio Yoshida)
9.2.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Energy field
<Energy>
Primary energy Secondary energyDomain
Objective
Oil, coal and
natural gas
Solar, wind
power,
ocean
energy,
biomass and
geothermy
Nuclear
Processed
energy
sources
(hydrogen,
methanol,
etc.)
Electricity
Heat and
mechanical
energy
Energy-
related
systems
(combined
cycle, etc.),
Waste
disposal,
Recycling
Exploration,
recovery and
extraction
28 29
Production 30 33 34 35 36
37 38 39
45 46 47 50 51 55 56 57 58 70
Storage and
transportation
40 59 60 61 62
63 64
Utilization 31 41 42 43 52 53 54 65 66 67 71 73 74 75
Energy
conservation
68 69
Environmental
measures/safety
(recovery,
disposal, etc.)
32 44 48 49 72
<Peripheral topics such as social systems>    76 77 78
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9.2.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.  Degree of importance index
scores averaged 60.7 for topics in the energy field as a whole.  Topics judged to be particularly important
to Japan (top 20 topics in terms of degree of importance index score) are listed in the table below.
  
Table 3.9-3   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
49:Practical use of technology for the safe disposal of highly radioactive
solid waste. 94 2021
53:Widespread use of fuel cells as a highly efficient, environmentally safe,
and portable power source (e.g. for electric vehicles). 88 2015
75:Establishment of waste sorting and collection systems, leading to
widespread use of recycling systems that produce, distribute and consume
recycled materials and goods based on new economic criteria and
standards.
86 2016
28:Practical use of methane hydrate mining technology. 83 2022
35:Practical use of large-area thin-film solar cells with a cell conversion
factor over 20%. 80 2015
66:Widespread use of electric vehicles with driving performance comparable
to that of gasoline motorcars. 77 2018
58:Widespread use of high energy density (200 Wh/kg: 5 times the energy
density of a conventional lead acid battery) secondary batteries (Ni-MH,
Li, etc.) for motor vehicles.
75 2015
71:Widespread use of solid polymer electrolyte fuel cells for cogeneration in
households. 73 2017
74:Widespread use of energy-efficient houses that consume less than half as
much energy for air conditioning as the current average house. 72 2016
64:Practical use of energy management technology that effectively utilizes
power storage technology so that consumers can make effective use of
dispersed power sources.
69 2014
56:Practical use of large-scale combined-cycle power generation using high-
efficiency gas turbines (inlet temperature over 1,700℃). 69 2015
60:Practical use of electric power storage equipment using secondary
batteries for load leveling. 68 2015
45:Practical use of fast breeder reactor systems and  nuclear fuel cycle. 67 2031 -
41:Widespread use of solar cells for residential power supply. 66 2014
40:Practical use of an international energy transportation system in which
energy recovered from clean energy sources is transported after being
converted into hydrogen.
65 2027
70:Practical use of solid-electrolyte fuel cells with a capacity of tens of MW
for district cogeneration and dispersed power generation projects. 65 2018
46:Development of fusion power reactors. 64 2031 -
76:Widespread use of environmental accounting concepts and systems in
companies. 64 2010
51:Practical use of technology for producing synthetic fuel such as methane,
methanol and DME (dimethyl ether) from coal or biomass by using
hydrogen obtained from non-fossil sources.
64 2018
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Topic Importance index
Forecasted
realization time
50:Practical use of thermochemical water decomposition processes for
hydrogen production. 64 2022
9.2.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. In the energy field, the
peak of the distribution lay between 2016 and 2020, which was later than the general trend combining all
fields. Generally speaking, the forecasted realization times of topics were pushed back in this field.
Figure3.9-3   Forecasted realization times
9.2.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. Although Japan was chosen as the leading country in the energy field by the largest proportion of
respondents (58.0%), the second-placed U.S. was not far behind (44.6%).
Figure 3.9-4   Current leading countries (%)
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9.2.6.  Comparison with the 6th survey (previous survey)
Of the 51 topics included in the latest survey, 31 were carried over (content identical to the previous
survey), 13 were modified (content partially changed from the previous survey) and 7 were newly
introduced. The percentage shares of these topics were 61, 25 and 14, respectively. For carried-over topics,
findings in the latest survey concerning degree of importance index scores and forecasted realization times
were compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score rose for 10 topics, fell for 20 topics and remained
unchanged for 1 topic. Notably, topics 71 (fuel cell-related) and 28 (methane hydrate-related) gained 22
and 14 points, respectively, while topics 46 (nuclear fusion-related) and 45 (fast breeder reactor-related)
lost 15 and 13 points, respectively.
The forecasted realization time was pushed back for 25 topics, brought forward for 2 topics and left
unchanged for 2 topics, with another 2 topics classified as “other” (comparison not possible).
Table 3.9-4   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
28:Practical use of methane hydrate mining technology. 83 / 2022 69 / 2019
29:Practical use of large-scale underground coal gasification. 43 / 2024 45 / 2021
30:Practical use of power generation by coal gasification. 61 / 2015 66 / 2011
32:Practical use of synthetic technology to produce, by use of hydrogen,
liquid fuels such as methanol from carbon dioxide recovered from flue
gases at thermal power plants etc.
51 / 2020 54 / 2019
33:Development of space solar power generating system. 50 / 2031 - 53 / 2026 -
34:Practical use of 100 MW-capacity solar power generation system in desert
areas. 41 / 2020 41 / 2016
35:Practical use of large-area thin-film solar cells with a cell conversion
factor over 20%. 80 / 2015 77 / 2013
36:Practical use of power generation by ocean thermal energy conversion. 40 / 2022 41 / 2020
38:Practical use of energy plantation. 47 / 2019 43 / 2020
40:Practical use of an international energy transportation system in which
energy recovered from clean energy sources is transported after being
converted into hydrogen.
65 / 2027 68 / 2023
41:Widespread use of solar cells for residential power supply. 66 / 2014 71 / 2010
43:Practical use of hot dry rock power-generating technologies. 45 / 2023 50 / 2021
44:Widespread use of biotechnologies to treat and reuse wastes and to obtain
energies such as methane at low cost. 58 / 2017 57 / 2016
45:Practical use of fast breeder reactor systems and  nuclear fuel cycle. 67 / 2031 - 80 / 2025
46:Development of fusion power reactors. 64 / 203１ - 80 / 2026 -
47:Development of high-safety small to medium-scale nuclear reactors
designed for cogeneration of heat and power. 52 / 2026 62 / 2022
49:Practical use of technology for the safe disposal of highly radioactive
solid waste. 94 / 2021 89 / 2019
50:Practical use of thermochemical water decomposition processes for
hydrogen production. 64 / 2022 59 / 2019
52:Widespread use of methanol as fuel. 53 / 2015 52 / 2015
357
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
55:Practical use of molten salt fuel-cell power generator of 200,000 to
300,000 KW class that uses coal gas. 51 / 2019 61 / 2017
57:Practical use of hydrogen-fueled turbines for power generation. 51 / 2022 56 / 2021
60:Practical use of electric power storage equipment using secondary
batteries for load leveling. 68 / 2015 67 / 2014
61:Practical use of power networks utilizing superconducting cables. 62 / 2029 61 / 2025
62:Practical use of DC power transmission in the 1,000 KV class. 51 / 2020 55 / 2015
65:Widespread use in industries of power equipment such as generators using
high-temperature superconductivity. 53 / 2025 56 / 2022
66:Widespread use of electric vehicles with driving performance comparable
to that of gasoline motorcars. 77 / 2018 79 / 2013
68:Widespread use of efficient bottoming cycle power generation utilizing
low temperature waste heat recovered from turbine or factory (e.g. kalina
cycle).
54 / 2018 56 / 2014
69:Practical use of electricity storage methods using hydrogen produced by
electrolysis. 55 / 2019 56 / 2019
71:Widespread use of solid polymer electrolyte fuel cells for cogeneration in
households. 73 / 2017 51 / 2021
73:Realization of heat-oriented industrial complexes aiming at effective use
of different energy sources. 57 / 2018 64 / 2015
74:Widespread use of energy-efficient houses that consume less than half as
much energy for air conditioning as the current average house. 72 / 2016 78 / 2012
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9.2.7. Table of survey results
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2 125 10 24 66 43 18 30 40 12 63 62 6 3
X 13 100 0 0 37 15 15 54 15 54 62 0 8
1 160 19 27 54 60 35 39 24 2 66 63 10 4
2 138 18 26 56 61 34 41 24 0 71 61 4 2
X 25 100 0 0 83 68 28 4 0 80 60 0 4
1 158 11 26 63 50 21 42 32 4 55 51 11 5
2 138 12 26 62 49 17 49 30 4 61 54 6 5
X 16 100 0 0 56 31 38 25 6 63 50 6 13
1 165 18 32 50 49 27 32 23 17 31 65 8 10
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1 151 14 26 60 50 24 37 30 9 36 72 5 15
2 135 10 28 62 50 24 41 25 11 33 79 4 10
X 13 100 0 0 54 23 54 15 8 46 92 0 8
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2 139 14 32 53 80 64 30 7 0 65 81 9 4
X 20 100 0 0 89 80 15 5 0 75 80 10 5
1 152 9 34 58 43 17 30 46 7 34 70 7 9
2 136 6 32 62 40 11 32 50 6 33 79 4 4
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Practical use of methane hydrate mining
technology.
Practical use of large-scale underground coal
gasification.
Practical use of power generation by coal
gasification.
Widespread use of direct coal liquefaction
technology.
Practical use of synthetic technology to produce,
by use of hydrogen, liquid fuels such as methanol
from carbon dioxide recovered from flue gases at
thermal power plants etc.
Development of space solar power generating
system.
Practical use of 100 MW-capacity solar power
generation system in desert areas.
Practical use of large-area thin-film solar cells
with a cell conversion factor over 20%.
Practical use of power generation by ocean
thermal energy conversion.
Widespread use of MW-class wind power
generation systems in Japan.
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1 9 34 52 14 2 32 21 42 57 61 10 6 5 1 65 9 1 1
1 6 35 63 10 1 25 22 42 63 69 13 4 3 0 66 7 1 0
8 8 83 100 8 8 0 25 58 58 75 17 17 8 0 83 0 0 0
16 11 22 38 23 10 34 17 30 43 46 8 8 5 1 59 13 1 1
16 9 18 50 17 5 34 11 21 50 55 7 6 6 1 64 12 1 1
31 0 31 62 23 8 15 8 0 38 38 0 8 0 0 62 15 0 0
2 9 50 49 34 1 15 12 33 38 56 12 6 7 1 46 7 0 3
1 5 57 50 28 0 14 7 30 43 67 9 6 8 0 52 5 0 1
0 0 68 52 44 0 4 8 24 28 64 8 4 4 0 36 8 0 4
9 15 52 37 28 6 18 19 25 32 44 14 4 6 1 42 8 1 2
8 10 61 41 26 3 14 12 28 41 54 11 2 4 2 51 5 0 2
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30 10 53 25 21 1 24 16 30 26 38 8 4 10 6 26 8 1 5
29 4 65 21 16 1 17 14 40 37 51 5 3 10 4 32 7 1 3
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21 7 26 66 5 1 18 26 32 43 51 5 4 2 1 40 21 2 3
26 7 22 82 4 0 9 24 33 46 59 3 4 1 1 49 22 1 1
8 8 46 77 0 0 0 31 38 62 85 0 0 0 0 54 15 8 0
7 10 54 44 24 2 17 16 29 29 40 16 4 2 4 32 3 4 3
6 7 65 51 24 2 11 14 32 32 51 12 4 1 1 39 1 3 1
11 0 78 67 44 0 0 17 39 44 67 11 6 0 6 28 6 6 0
2 6 83 51 26 1 7 20 42 41 63 14 9 4 2 14 5 1 3
2 5 88 50 21 1 3 17 47 44 69 9 4 3 1 19 2 2 1
5 5 80 55 25 0 0 10 40 50 80 10 0 0 5 15 0 10 0
30 14 43 31 11 1 26 18 25 35 35 9 7 3 1 36 2 1 3
29 9 57 32 7 1 22 15 26 43 46 8 5 2 1 44 0 1 1
38 13 50 50 0 0 13 13 25 25 25 13 13 0 0 50 0 0 0
19 8 20 58 68 0 5 10 25 24 31 33 26 12 1 31 11 4 3
16 3 12 58 80 0 3 6 29 24 33 34 29 12 1 40 10 3 2
14 0 0 36 79 0 7 7 14 0 29 36 21 21 7 57 21 0 0
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Practical use of energy plantation.
Biomass energy utilization increases to account
for at least 3% of total primary energy supply in
Japan.
Practical use of an international energy
transportation system in which energy recovered
from clean energy sources is transported after
being converted into hydrogen.
Widespread use of solar cells for residential
power supply.
Widespread use of solar hot-water supply systems
in nearly 70% of Japanese households (current
rate 20%).
Practical use of hot dry rock power-generating
technologies.
Widespread use of biotechnologies to treat and
reuse wastes and to obtain energies such as
methane at low cost.
Practical use of fast breeder reactor systems and
nuclear fuel cycle.
Development of fusion power reactors.
Development of high-safety small to medium-
scale nuclear reactors designed for cogeneration
of heat and power.
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31 7 63 20 43 2 10 38 28 42 41 4 10 9 5 29 46 15 4
31 6 74 21 45 2 6 41 32 46 47 3 9 8 6 31 53 10 3
7 3 93 20 57 3 3 60 43 60 63 0 17 3 3 10 40 3 0
37 14 59 56 48 6 11 44 26 48 45 5 2 5 5 26 34 12 3
46 14 66 67 54 3 10 45 25 54 47 2 3 4 4 31 43 9 3
33 17 83 78 83 0 6 61 33 67 50 6 11 0 6 33 33 0 0
23 9 48 38 28 7 16 29 34 41 37 7 18 7 4 27 42 9 1
25 7 61 47 28 5 13 31 38 48 45 4 16 5 5 29 47 6 1
4 0 77 62 38 12 0 31 38 65 46 4 31 4 4 8 35 0 0
Leading countries (%)Forecasted realization time
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1 83 37 17 46 61 41 29 20 10 31 66 13 16
2 70 36 16 49 63 43 32 16 9 33 74 4 7
X 25 100 0 0 73 56 24 20 0 40 84 12 12
1 122 26 24 50 90 81 16 2 1 28 76 14 11
2 104 24 22 54 94 88 11 1 0 30 81 4 5
X 25 100 0 0 98 96 4 0 0 28 92 4 0
1 140 19 26 56 65 41 39 18 2 49 76 11 9
2 123 17 24 59 64 38 46 15 2 53 78 5 7
X 21 100 0 0 69 52 29 10 10 57 71 10 10
1 148 18 28 53 65 38 47 15 1 54 74 12 3
2 126 14 27 59 64 33 59 7 1 49 77 7 2
X 18 100 0 0 76 61 28 6 6 44 83 17 6
1 188 14 24 62 55 22 56 20 3 46 72 22 2
2 162 12 21 67 53 15 69 15 1 43 79 14 2
X 19 100 0 0 54 26 47 16 11 42 79 11 5
1 200 25 24 52 81 65 30 5 0 64 80 39 6
2 171 23 23 54 88 76 22 2 0 64 82 27 5
X 40 100 0 0 96 92 8 0 0 65 85 30 5
1 173 15 25 60 59 33 41 20 6 43 73 27 7
2 152 11 24 64 59 28 54 13 5 42 84 18 5
X 17 100 0 0 78 59 35 6 0 71 100 29 12
1 138 20 25 54 54 26 43 29 3 42 69 12 8
2 118 19 26 54 51 17 55 25 3 42 75 7 7
X 23 100 0 0 59 30 43 26 0 65 83 4 13
1 133 18 29 53 69 43 46 10 1 61 76 11 4
2 118 14 26 59 69 42 49 8 1 59 80 5 5
X 17 100 0 0 82 71 24 0 6 59 94 0 12
1 114 18 26 56 54 25 45 26 4 40 75 10 6
2 102 14 25 61 51 19 50 28 3 39 75 5 7
X 14 100 0 0 57 36 29 29 7 43 79 0 14
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Practical use of partitioning and transmutation technology for long-
life nuclides. (Partitioning and transmutation technology: partitioning
of transuranium elements , 99Tc, 137Cs, 90Sr, etc. contained in high-
level radioactive waste, and transmutation of long-life nuclides into
short-life or stable nuclides through a fast reactor or an accelerator-
driven critical reactor.)
Practical use of technology for the safe disposal
of highly radioactive solid waste.
Practical use of thermochemical water
decomposition processes for hydrogen
production.
Practical use of technology for producing
synthetic fuel such as methane, methanol and
DME (dimethyl ether) from coal or biomass by
using hydrogen obtained from non-fossil sources.
Widespread use of methanol as fuel.
Widespread use of fuel cells as a highly efficient,
environmentally safe, and portable power source
(e.g. for electric vehicles).
Practical use of motor vehicles powered by
hydrogen fueled engines.
Practical use of molten salt fuel-cell power
generator of 200,000 to 300,000 KW class that
uses coal gas.
Practical use of large-scale combined-cycle
power generation using high-efficiency gas
turbines (inlet temperature over 1,700℃).
Practical use of hydrogen-fueled turbines for
power generation.
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22 13 57 37 52 2 16 43 25 48 41 5 7 10 1 29 31 4 0
26 7 64 40 53 1 10 43 26 57 51 4 6 6 0 30 37 1 1
24 8 88 40 72 4 0 52 36 72 60 8 8 4 0 20 28 4 0
7 8 56 52 60 1 8 33 35 48 52 9 14 16 0 34 33 5 0
7 6 67 55 69 0 7 31 37 55 59 5 13 14 1 40 38 1 1
0 0 72 72 88 0 8 32 44 56 52 12 16 12 4 24 32 0 0
9 9 51 41 26 1 24 32 33 49 56 14 12 5 1 14 20 1 1
8 5 62 45 22 1 19 33 33 57 63 10 7 4 2 15 20 0 1
14 0 71 57 33 5 0 38 38 48 57 10 19 0 5 29 29 0 0
5 9 41 39 30 2 30 22 40 47 55 11 14 9 0 24 11 1 1
5 8 52 43 28 0 27 19 40 52 62 10 10 3 0 33 10 0 0
11 6 78 56 39 0 11 28 44 56 56 11 17 0 0 22 17 0 0
8 13 36 42 30 8 23 13 31 24 41 18 27 15 1 23 16 2 2
7 10 35 55 30 5 22 10 32 31 53 15 25 13 1 31 15 2 1
16 5 58 63 42 5 11 16 32 32 42 11 26 5 0 42 11 5 0
0 3 62 71 49 7 9 20 48 37 57 30 26 16 2 13 12 3 4
0 2 65 78 46 5 6 18 53 35 70 30 22 11 1 18 13 1 2
0 3 65 83 55 5 0 23 63 45 70 35 28 10 0 15 18 3 3
19 14 47 43 36 0 21 15 36 36 47 17 23 13 2 9 20 1 3
15 7 57 55 38 0 16 13 36 39 61 13 20 9 1 11 28 1 1
12 12 65 47 47 0 12 12 53 65 53 24 35 18 0 0 35 6 0
14 12 64 48 16 1 14 17 33 33 51 14 14 4 1 22 10 1 1
16 6 74 52 13 1 7 13 36 36 60 9 11 3 0 29 8 1 0
26 4 96 61 22 0 0 17 52 43 61 9 13 4 0 22 13 4 0
2 7 61 60 24 0 11 14 38 33 62 14 7 2 0 11 7 2 3
3 4 71 68 14 0 7 12 39 36 74 8 3 0 0 12 8 1 1
0 0 82 65 18 0 6 18 41 47 71 24 6 0 0 24 12 6 0
14 11 42 42 13 0 31 18 32 35 48 9 9 3 2 7 12 2 5
16 5 53 53 11 0 23 16 33 43 59 4 7 1 1 5 20 1 2
14 7 71 36 14 0 14 29 43 64 64 7 21 0 0 0 14 7 0
Leading countries (%)Forecasted realization time
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1 132 19 27 55 73 51 38 10 1 60 67 37 8
2 122 17 24 59 75 54 40 5 1 65 74 27 5
X 21 100 0 0 95 90 10 0 0 86 86 43 10
1 115 11 30 59 62 35 43 22 0 57 59 9 17
2 106 7 27 66 58 26 55 17 2 58 70 5 11
X 7 100 0 0 75 57 29 14 0 43 57 14 43
1 133 22 26 52 69 42 51 8 0 57 60 27 6
2 118 19 25 57 68 40 53 6 1 62 66 17 4
X 22 100 0 0 82 64 36 0 0 68 77 36 5
1 101 12 23 65 64 38 42 19 1 68 51 13 10
2 92 8 18 74 62 34 51 13 2 71 52 9 7
X 7 100 0 0 64 29 71 0 0 86 43 43 14
1 83 14 28 58 54 21 56 21 2 67 51 6 4
2 75 7 23 71 51 12 69 18 1 76 47 4 3
X 5 100 0 0 40 20 20 40 20 60 40 0 20
1 80 14 20 66 54 23 49 27 1 65 48 15 4
2 67 7 19 73 50 15 55 29 0 69 46 10 1
X 5 100 0 0 55 20 60 20 0 100 20 20 0
1 124 20 23 56 71 45 50 5 0 68 65 35 2
2 103 20 21 58 69 41 54 5 0 73 62 29 1
X 21 100 0 0 85 71 24 5 0 81 62 33 0
1 95 12 20 68 56 23 55 21 1 74 47 11 9
2 87 6 11 83 53 16 62 20 1 85 39 6 6
X 5 100 0 0 55 20 60 20 0 80 20 40 20
1 171 15 25 60 70 46 43 10 1 59 76 46 5
2 154 14 21 64 77 56 39 4 1 58 84 43 1
X 22 100 0 0 92 86 9 5 0 77 82 55 5
1 169 15 25 59 56 27 44 27 2 43 70 37 7
2 151 14 21 65 54 19 60 18 3 42 79 23 3
X 21 100 0 0 56 25 50 25 0 43 71 14 10
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Widespread use of high energy density (200
Wh/kg: 5 times the energy density of a
conventional lead acid battery) secondary
batteries (Ni-MH, Li, etc.) for motor vehicles.
Development of superconductive energy storage
technology enabling a capacity equal to that at
pumped hydroelectric power plants (1000 MWh).
Practical use of electric power storage equipment
using secondary batteries for load leveling.
Practical use of power networks utilizing
superconducting cables.
Practical use of DC power transmission in the
1,000 KV class.
Practical use of SMES (superconducting
magnetic energy storage) system for controlling
power systems of several to several tens of kWh.
Practical use of energy management technology
that effectively utilizes power storage technology
so that consumers can make effective use of
dispersed power sources.
Widespread use in industries of power equipment
such as generators using high-temperature
superconductivity.
Widespread use of electric vehicles with driving
performance comparable to that of gasoline
motorcars.
Widespread use of electric vehicles powered by
solar cells and secondary batteries.
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2 5 78 41 25 1 8 19 43 36 59 24 15 9 1 15 8 2 3
2 2 87 40 20 0 4 13 46 42 75 16 11 7 0 20 11 0 1
0 5 95 33 19 0 0 14 62 62 90 24 10 14 0 19 19 0 0
15 14 53 48 17 0 29 26 39 44 53 11 6 3 0 10 13 2 4
17 13 62 58 15 0 18 21 40 57 62 6 6 3 0 12 17 3 2
29 0 71 86 29 0 14 14 57 57 86 14 14 0 0 43 14 0 0
5 6 66 35 17 0 21 17 35 32 54 18 21 10 1 10 13 1 3
3 5 77 33 16 0 15 14 36 40 67 14 17 8 1 10 16 1 1
0 5 100 32 23 0 0 14 41 59 82 27 27 14 0 9 32 0 0
19 7 56 45 13 0 26 23 37 44 49 14 10 5 2 13 14 0 2
22 7 62 55 11 0 18 25 36 50 61 10 5 3 0 16 16 0 1
0 14 86 100 43 0 0 57 57 71 86 14 29 0 0 29 43 0 0
7 14 49 42 33 0 24 17 37 28 46 11 12 4 2 14 25 1 2
4 11 64 51 27 0 19 15 43 33 56 9 8 3 1 13 28 1 1
20 0 80 80 80 0 20 40 60 20 60 0 0 0 20 20 60 20 0
10 9 55 51 20 0 16 23 39 36 54 13 4 4 0 14 11 0 4
10 4 61 63 16 0 10 21 45 43 67 7 3 1 0 15 13 0 1
0 0 80 100 40 0 0 40 60 40 80 20 0 0 0 20 20 0 0
1 6 61 38 27 0 23 15 39 36 46 23 30 9 0 3 12 2 5
1 4 74 35 21 0 18 17 43 39 60 17 37 4 0 2 17 1 2
0 5 81 43 24 0 0 19 48 38 57 19 62 10 0 5 24 0 0
16 12 55 49 23 0 22 24 42 41 52 14 6 1 0 6 13 0 2
18 6 70 47 17 0 16 26 40 43 67 9 5 1 0 6 17 0 2
40 0 100 80 40 0 0 60 40 40 80 20 0 0 0 20 40 0 0
9 10 68 56 46 1 12 14 40 36 51 22 18 18 2 11 8 3 4
4 6 84 60 46 1 5 12 47 40 62 20 16 14 1 14 6 2 2
5 5 95 50 36 5 0 14 59 55 64 23 23 9 0 14 5 5 0
23 9 58 44 30 0 19 17 35 29 44 18 15 15 2 10 11 2 4
19 7 74 46 27 0 13 13 36 28 58 17 15 12 2 13 9 1 2
33 0 86 57 24 0 5 14 43 38 62 24 24 14 10 19 10 10 5
Leading countries (%)Forecasted realization time
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1 93 13 28 59 58 27 51 21 1 44 71 12 5
2 81 14 20 67 54 18 66 15 1 41 78 6 4
X 11 100 0 0 50 18 55 18 9 36 82 9 9
1 135 19 20 61 59 31 47 16 5 50 67 10 6
2 119 14 20 66 55 24 53 16 7 51 71 3 5
X 17 100 0 0 54 35 29 18 18 47 53 0 18
1 151 22 26 52 65 36 51 13 0 59 70 28 5
2 130 19 28 53 65 33 60 6 0 58 74 18 2
X 25 100 0 0 74 50 46 4 0 68 80 28 0
1 159 30 26 44 68 44 41 14 1 56 71 57 5
2 137 26 26 49 73 50 41 9 0 55 72 53 3
X 35 100 0 0 82 71 18 12 0 71 69 51 6
1 145 11 31 58 53 21 51 26 2 44 74 25 4
2 125 10 29 61 53 20 55 22 2 42 80 15 3
X 13 100 0 0 73 54 38 0 8 54 77 31 0
1 134 11 25 64 60 30 50 18 2 60 69 16 4
2 119 10 22 68 57 22 62 15 1 65 74 8 3
X 12 100 0 0 54 33 25 33 8 67 83 17 8
1 177 8 24 68 72 47 47 5 1 44 74 64 2
2 152 8 22 70 72 46 49 4 1 36 78 61 1
X 12 100 0 0 83 67 33 0 0 33 83 50 0
1 181 14 29 57 80 62 35 3 0 60 79 49 6
2 162 10 28 62 86 72 28 1 0 63 86 38 2
X 17 100 0 0 94 88 12 0 0 65 71 24 0
1 164 11 23 66 64 35 54 12 0 49 70 18 10
2 148 11 20 68 64 31 64 5 0 46 81 9 5
X 17 100 0 0 76 53 47 0 0 71 65 18 0
1 181 20 22 58 59 37 36 16 11 43 59 14 2
2 161 20 18 62 63 43 35 12 10 48 67 7 1
X 32 100 0 0 81 68 23 10 0 63 91 6 3Pe
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73
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En
er
gy
-re
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d 
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s
Widespread use of efficient bottoming cycle
power generation utilizing low temperature waste
heat recovered from turbine or factory (e.g. kalina
cycle).
Practical use of electricity storage methods using
hydrogen produced by electrolysis.
Practical use of solid-electrolyte fuel cells with a
capacity of tens of MW for district cogeneration
and dispersed power generation projects.
Widespread use of solid polymer electrolyte fuel
cells for cogeneration in households.
Widespread use of high-efficiency heat pumps
(COP for cooling equal to 6) utilizing untapped
energy held by river water, groundwater, etc.
Nuclear power exceeds 40% of total power
generation in Japan*. (* Fiscal 1998 estimates:
nuclear power 36%, LNG 25%, coal 15%, oil
11%, hydroelectric power 11%)
Realization of heat-oriented industrial complexes
aiming at effective use of different energy
sources.
Widespread use of energy-efficient houses that
consume less than half as much energy for air
conditioning as the current average house.
Establishment of waste sorting and collection
systems, leading to widespread use of recycling
systems that produce, distribute and consume
recycled materials and goods based on new
economic criteria and standards.
Widespread use of environmental accounting
concepts and systems in companies.
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5 15 51 35 26 0 31 19 34 41 51 17 16 6 1 10 8 0 3
2 14 59 32 19 0 25 17 33 42 60 9 5 2 1 12 10 0 1
9 0 64 45 36 0 9 18 27 36 55 0 9 9 0 18 9 0 0
17 9 44 36 24 1 31 21 35 46 45 13 14 8 0 9 16 1 3
18 7 61 40 19 1 22 18 36 54 55 8 9 3 1 9 16 1 1
24 6 88 47 24 6 0 41 24 59 59 18 18 0 6 12 12 0 0
3 9 60 58 32 0 18 20 43 38 64 21 25 11 0 10 10 1 3
2 5 70 63 26 0 12 18 45 38 73 15 22 5 0 12 9 1 1
4 8 84 68 36 0 0 32 56 56 64 12 24 8 0 8 8 0 0
9 3 58 57 30 6 16 17 42 36 57 33 43 17 1 9 13 2 3
5 2 67 70 26 7 11 15 48 37 65 34 44 10 1 9 16 1 2
11 3 80 80 43 9 0 17 51 43 71 31 54 11 0 6 14 3 3
12 11 52 19 23 1 28 12 34 37 41 18 20 10 1 17 4 3 3
9 5 69 15 18 1 21 11 38 40 54 15 20 9 2 24 6 1 2
8 0 77 31 23 8 0 15 31 31 54 0 46 15 0 31 0 0 0
10 18 36 18 22 1 40 15 31 29 31 18 28 16 1 13 8 1 2
8 13 45 13 24 0 39 11 39 34 37 15 24 12 3 18 8 0 1
17 8 58 8 42 0 25 17 17 25 42 8 33 33 8 17 25 0 0
3 10 55 18 38 0 23 9 36 27 38 31 24 23 2 10 6 4 2
1 9 67 11 38 0 18 6 39 31 43 29 22 22 3 14 3 2 1
8 0 75 8 58 0 8 8 25 33 33 25 8 25 8 8 8 0 0
2 7 33 11 71 0 15 22 43 35 43 36 25 42 0 14 10 5 4
1 4 40 9 75 0 9 20 49 34 49 40 24 42 1 18 9 2 1
0 6 53 6 71 0 0 35 59 18 24 41 35 35 0 24 0 6 6
1 4 27 32 66 1 14 28 24 12 9 12 13 46 1 2 5 7 4
0 3 26 31 80 0 7 32 29 11 5 8 9 63 0 3 3 6 3
0 0 29 41 71 0 0 35 24 24 12 0 18 59 0 12 6 0 6
30 8 52 23 48 2 6 18 18 13 14 7 13 28 4 31 42 8 2
34 4 68 19 51 1 1 24 22 12 14 3 9 34 6 32 48 9 1
19 3 84 22 53 0 0 38 22 16 13 0 25 22 13 13 31 0 0
Leading countries (%)Forecasted realization time
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1 167 17 24 59 63 34 52 11 3 65 49 34 3
2 143 17 25 58 63 31 59 8 1 76 52 25 1
X 24 100 0 0 76 63 25 4 8 71 63 25 0
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Distributed small-scale power generation
systems, typified by IPP (independent power
producers), account for 20% of total power
generation.
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7 11 25 56 29 1 15 7 25 17 20 34 55 18 1 25 14 4 3
5 6 21 73 25 0 10 6 32 17 20 38 64 15 0 32 13 2 3
13 4 8 83 33 0 0 4 33 21 25 38 67 21 0 38 13 4 4
Leading countries (%)Forecasted realization time
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9. Survey Results in “Resources and Energy”
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9.  Survey Results in “Resources and Energy”
9.1. Survey Results in “Resources”
9.1.1. Trends in noteworthy domains
(1) Mineral resources
Topics in the resources field can roughly be classified into three categories: I. mining of metal
resources, II. extraction of metals, and III. fabrication of metals. The top five topics in terms of the degree
of importance to Japan are shown in the table below.
1st 2nd 3rd 4th 5th
I Topic 08
II Topic 13 Topic 05 Topic 06
III Topic 04
Category II, the extraction of metals including the recovery of resources from “urban mines”
accounted for three of the top five topics. The topic 13, a carried-over topic first introduced in 1985,  was
ranked 1st for the second consecutive time in the latest survey. However, its forecasted realization time
was pushed back from 2009 to 2014. While topic 05 was ranked 3rd, it came first in terms of the
percentage of respondents answering “will not be realized” (9%). Topic 06, a newly introduced topic, was
ranked 5th, and this, interestingly, appeared to be testimony to a growing interest in the recycling of metals
including halides. An overall implementation system for the recycling, including a 3R program, is being
established through the introduction of a legislative framework, etc.
Category I, the mining of metal resources, claimed one topic, topic 08, which was ranked 2nd. The
topic, forecasted to be realized in 2022, was reintroduced for the first time at the 4th survey (1985).
Several basic technologies have reached the pre-commercialization phase, with surveys on the impact of
mining activities on the habitat of the bottom fauna undertaken in recent years. These technologies appear
to be entering the practical utilization stage in light of the fact that land-based mining activities are turning
deeper and deeper into the ground, although it does depend on progress in the recycling of resources from
urban mines and other factors. Notably, the topic was ranked 3rd in terms of the percentage of respondents
answering “will not be realized”.
Category III, the fabrication of metals, also claimed one topic, topic 04, which was ranked 4th. The
topic, forecasted to be realized in 2012, was newly introduced. This result expresses high social
expectations for the efficient use of finite resources, which extends to the exploration of the potential of
nano-metallurgy.
Six topics scored more than 80% in the “expected effect” question as follows: topics 04, 12, 02, 03
and 11 in terms of 1) “contribution to socioeconomic development”; and topic 13 in terms of 2)
“resolution of various problems of a global scale”.
With most of the topics in this field, over 60% of respondents specified their “degree of expertise” to
be “low”. Given the broadness of the field, such a figure may be inevitable, but this fact should be given
due attention when analyzing survey results. In this regard, topics 13 and 03 scored relatively low (58%),
and this may indicate a high level of interest.
Based on these survey results and recent trends in technological development, “stable supply of raw
materials” and “transition to a recycling-oriented society” have been identified as the most important
issues in this field. As a result, an overview of the two areas that encompass these issues will be given
below in terms of their present state and future outlook.
(a) Stable supply of raw materials necessary to society
According to 1999 statistics, the world consumption of copper, one of the main nonferrous metals,
340
stands at 2.4 kg per person per year. This means that if and when the world population reaches 10 billion,
the demand for copper will rise to 24 million tons per year, approximately 10 million tons more than the
current level, assuming that the per capita annual consumption rate will not change. Despite this, the
recoverable reserves of copper are estimated to be only equivalent to 40 years of supply, and this points to
a gradual rise in supply instability. For this reason, the efficient confirmation of new reserves through the
development of advanced exploration technologies, the recovery of resources from the deep sea floor, and
the development of new processing technologies capable of dramatically reducing the consumption of
fossil fuels are desired.
There is strong interest in the recycling of resources from various waste materials, and technological
development is being vigorously pursued. Nevertheless, relatively few processes have been put to practical
use due mainly to economic factors. The emergence of new technologies that will mitigate global
environmental problems and prevent/control local environmental pollution while paying due attention to
the depletion of resources is awaited. One approach that should be investigated is the establishment of a
worldwide network of interprocess links - i.e. the utilization of wastes from other industries as raw
materials.
(b) Biometallurgy
The recycling of resources based on the use of fossil fuels has its limitations, and hopes are pinned on
biotechnology as a potential breakthrough technology. In the extraction of copper, for example, iron-
oxidizing bacteria that are able to survive at high temperature have been discovered, and this has made it
possible to develop an economically viable process by dramatically increasing the copper leaching rate,
with the construction of a demonstration pilot plant already begun. Along with the utilization of solar
energy, biometallurgy as understood in the broad sense of the term, which includes the utilization of
sundry plants on the earth, is expected to advance in various fields.
(Takahiko Okura)
 (2) Water resources
(a) Trends
In this field, trends in technological development relating to each stage of the water cycle on Earth -
namely precipitation, environmental water bodies (oceans, lakes, rivers, permanent snow, glaciers and
groundwater), utilization (municipal, industrial and irrigation water) and wastewater treatment (sewerage,
septic tanks and factory wastewater treatment plants) are to be investigated, as viewed from the
perspectives of disaster protection, water use and water quality improvement.
From the water resource point of view, the total amount of freshwater available worldwide is limited,
accounting for only a fraction of the water that exists on the planet (97% of all water being saltwater), so it
must be used rationally. However, this is complicated by the uneven geographical and seasonal
distribution of freshwater, especially given the recent wide wild fluctuations in precipitation patterns.
For example, although countries like India and Bangladesh have considerable annual precipitation,
rainfall is concentrated in the monsoon season, with severe water shortages occurring during the dry
season. Moreover, torrential rains that fall during the monsoon season trigger flash floods which take a
heavy toll in both human lives and poverty. Therefore, the actions that need to be taken to solve the water
resource problem can be summarized as prevention/control of natural disasters through the elucidation of
abnormal precipitation phenomena caused by climate change, rational use of water based on the
coordination of purposes, and development of water treatment technology according to the purpose of
water use. Regarding water use, an international water sharing system has been proposed, while need for a
water utilization system that integrates the supply of drinking water, industrial water and irrigation water
has arisen domestically. However, the following must be taken into account as factors that make the
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resolution of the water problem difficult:
- water must be supplied as affordably as possible, as it is an indispensable commodity in daily life;
- water is liquid and so it has high incurs large long-distance transportation costs; and
- water resources are indigenous, so people’s attitudes to water are greatly influenced by the local culture,
religion and community attitudes towards nature.
To improve water quality, pollutants need to be removed from it. Although removal technology has
been established for ordinary pollutants, research into inexpensive and simple water treatment technology
for developing countries is yet to be undertaken. Efforts to develop removal technology for carcinogenic
and endocrine disrupting pollutants also need to be stepped up.
(b) Analysis of survey results by topic
In the water resource area, 14 topics were included. In terms of the degree of importance to Japan,
water quality improvement technology scored an average of 67.6, followed by water resource
development technology (64.2), and water disaster prevention/control technology (64.1). Topics 19 and 26
scored particular high, at 80 and 79, respectively, indicating strong needs for the kinds of technology
covered by these topics.
Water resources-related topics attracted a large proportion of respondents choosing “response to
people’s needs” as an “expected effect” (69.9%), confirming the vital importance of water in daily life.
With topic 25, a high 72% of respondents chose “resolution of various problems of a global scale”, and
this appears to show the likely direction of future international cooperation.
Forecasted realization times fell in the 2011-2015 range, which is relatively early. This appears to
indicate respondents’ willingness to make this happen.
Japan was chosen as the current leading country by the largest proportion of respondents (64.5%),
which far exceeded the scores received by the second placed U.S. (26.3%) and EU (20.9%), and this is
testimony to Japan’s high level of technological expertise in the water resource area. At 82%, the score
was particular high with topic 23, and this reflects some of Japan’s national characteristics, high
precipitation and the widespread use of IT equipment. In contrast, the percentage was low for topic 27
(38%), indicating slow progress in research in this area, and need for stepped-up efforts.
As “potential problems in Japan”, “adverse effect on the natural environment” and “adverse effect on
safety” were cited by 21.4% and 11.5% of respondents, respectively, indicating that this area is perceived
as relatively problem-free because of the affinity of technology with the natural environment.
(Tetsuo Hayakawa)
9.1.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
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Topic Framework for Resources field
<Mineral Resources>
Domain
Objective Metal Non-metal Scarce resources Common
Exploration, recovery and
extraction
01 02 03 08 09 10 11
Application
development/recycling
04
Substitution 07
Environmental protection
and safety
05 06 12 13
<Water Resources>
Domain
Objective Rainfall
Seas, rivers, lakes
and groundwater
Municipal water
supply and
sewage /drainage
services
Common
Water resource
development technology
14 15 16 17 18
Flood prevention/
preparedness technology
19 20 21 22 23
Water quality
improvement technology
24 25 26 27
9.1.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below. Degree of importance index scores
averaged 60.9 for topics in the resources field as a whole. Topics judged to be particularly important to
Japan (top 10 topics in terms of degree of importance index score) are listed in the table below.
 Table 3.9-1   Top 20 topics in terms of degree of importance
Topic Importanceindex
Forecasted
realization time
13:Practical use of rational methods of collecting and recycling useful
substances in urban garbage based on an LCA (life cycle assessment)
perspective.
83 2014
08:Practical use of economical techniques to recover deep ocean metal
resources, such as manganese nodules, colloidal or hydrothermal deposits
of heavy metals, and cobalt-rich crusts.
65 2022
05:Practical use of iron making process whose fuel consumption is less than
half the current level, through the use of hydrogen or methane. 63 2018
04:Development of technology for manufacturing ultra-thin metal foil less
than 1 micron in thickness. 60 2012
06:Widespread use of  recycled alkali metals or alkaline earth metals in
Japan. 58 2017
07:Partial replacement of copper and aluminum by organic electrical
conductors such as polymers. 57 2015
09:Development of semiquantitative evaluation technology for mineral
resources based on data taken by artificial satellites. 57 2016
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Topic Importanceindex
Forecasted
realization time
02:Practical use of new functional materials such as high-strength copper
developed through microstructural control. 56 2015
10:Practical use of ultra-deep drilling and excavating technologies applicable
to severe condition of up to 400℃ and a depth of 15 km. 52 2019
03:Widespread use of hydrometallurgical process with a copper and noble
metals extraction rate equivalent to the ore dressing-dry refining process
(e.g. 85% x 98% ≒83%).
50 2015
19:Establishment of accurate rainfall forecasting technology capable of
providing timely flooding and landslide forecasts. 80 2013
26:Widespread use of technology for removing a wide range of pollutants
such as endocrine-disrupting substances in addition to common pollutants
such as phosphorus and nitrogen compounds in sewerage and other
wastewater treatment.
79 2016
24:Widespread practical use of water treatment technologies that contribute
to improvement in the environmental quality of rivers and lakes and
facilitate the use of water taken from them over a wide area.
77 2013
14:Obtainment of insight into the mechanism by which climate change
causes unusual precipitation (heavy rain or draught),, and widespread
introduction of measures to ensure adequate water resources in response to
changes in precipitation characteristics.
75 2017
27:Development of a highly accurate environmental impact prediction
technology for trace water contaminants that are carcinogenic or
endocrine-disrupting, etc.
73 2015
22:Widespread use of water supply pipes made of new materials that are
highly resistant to earthquakes and other disasters and their installation
technologies.
68 2013
16:Widespread use of technology for efficiently removing soil deposit in
reservoirs by flushing appropriate amounts of storage to prevent its
buildup so as to rejuvenate the dams and extend their service life.
66 2014
20:Widespread use of levees designed not to break even if overflow occurs
and constructed by using high-standard levees and new materials. 64 2014
17:Widespread use of treated recycled water at housing complex, small-scale
industries, etc. following advances in sewage and wastewater treatment
technologies.
61 2013
15:Widespread implementation of conservation and rational use of
groundwater following advances in technology for monitoring
groundwater flow, level and distribution.
60 2017
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9.1.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. In the resources field,
the peak of the distribution lay between 2011 and 2015, and this is similar to the general trend combining
all fields.
Figure3.9-1   Forecasted realization times
9.1.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. In the resources field, Japan was chosen as the leading country by the highest percentage of
respondents in relation to both mineral and water resources, followed by the U.S.
Figure 3.9-2   Current leading countries (%)
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9.1.6.  Comparison with the 6th survey (previous survey)
A total of 28 topics were included in the latest survey (13 relating to mineral resources and 14 to
water resources). Of the 13 topics relating to mineral resources, 6 were carried over (content identical to
the previous survey), 3 were modified (content partially changed from the previous survey) and 4 were
newly introduced. The percentage shares of these topics were 46, 23 and 31, respectively. Of the 14 topics
relating to water resources, 3 were carried over, 7 were modified and 4 were newly introduced. The
percentage shares of these topics were 21, 50 and 29, respectively. For carried-over topics, findings in the
latest survey concerning degree of importance index scores and forecasted realization times were
compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance to Japan, the score rose for 3 topics, fell for 5 topics and
remained unchanged for 1 topic.
The forecasted realization time was pushed back for 8 topics and brought forward for 1 topic.
Table 3.9-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
01:Widespread use of biotechnology for extraction and separation of metal
elements. 49 / 2019 49 / 2017
08:Practical use of economical techniques to recover deep ocean metal
resources, such as manganese nodules, colloidal or hydrothermal deposits
of heavy metals, and cobalt-rich crusts.
65 / 2022 68 / 2017
09:Development of semiquantitative evaluation technology for mineral
resources based on data taken by artificial satellites. 57 / 2016 62 / 2013
10:Practical use of ultra-deep drilling and excavating technologies applicable
to severe condition of up to 400℃ and a depth of 15 km. 52 / 2019 56 / 2016
11:Practical use of a "hard-rock" drilling technique based on water jets. 40 / 2013 52 / 2009
12:Practical use of a highly economical unmanned mining technique that
combines robot technologies. 43 / 2015 50 / 2012
14:Obtainment of insight into the mechanism by which climate change
causes unusual precipitation (heavy rain or draught),, and widespread
introduction of measures to ensure adequate water resources in response to
changes in precipitation characteristics.
75 / 2017 68 / 2013
20:Widespread use of levees designed not to break even if overflow occurs
and constructed by using high-standard levees and new materials. 64 / 2014 61 / 2015
24:Widespread practical use of water treatment technologies that contribute
to improvement in the environmental quality of rivers and lakes and
facilitate the use of water taken from them over a wide area.
77 / 2013 68 / 2010
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9.1.7.  Table of survey results
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Widespread use of biotechnology for extraction
and separation of metal elements.
Practical use of new functional materials such as
high-strength copper developed through
microstructural control.
Widespread use of hydrometallurgical process
with a copper and noble metals extraction rate
equivalent to the ore dressing-dry refining process
(e.g. 85% x 98% ≒83%).
Development of technology for manufacturing
ultra-thin metal foil less than 1 micron in
thickness.
Practical use of iron making process whose fuel
consumption is less than half the current level,
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Widespread use of  recycled alkali metals or
alkaline earth metals in Japan.
Partial replacement of copper and aluminum by
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347
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
8 12 19 49 11 2 45 40 41 44 40 10 3 6 0 31 13 4 3
5 8 16 53 8 3 40 39 48 54 42 8 4 3 0 43 8 1 1
0 0 0 100 14 29 0 71 29 43 29 0 14 0 0 43 14 0 0
0 11 51 31 7 1 34 34 42 42 54 8 1 0 0 8 8 0 5
1 10 57 28 6 0 28 30 46 48 52 8 0 0 0 10 9 0 1
0 0 100 0 0 0 0 0 25 50 100 0 0 0 0 0 0 0 0
0 14 41 34 14 5 27 24 41 42 54 8 5 3 0 29 8 2 2
0 11 51 36 8 6 17 19 47 43 68 4 2 2 0 40 8 0 0
0 0 67 33 11 22 0 33 78 33 67 0 0 11 0 44 11 0 0
0 5 64 33 13 0 21 22 39 42 51 9 4 0 0 14 7 1 4
0 1 74 31 10 0 18 24 37 46 65 6 1 0 0 18 6 1 1
0 0 80 40 20 0 0 20 0 40 80 20 20 0 0 0 0 0 0
14 8 58 21 13 0 27 22 42 37 46 5 4 9 1 15 11 2 6
9 4 65 16 9 0 24 19 46 36 55 4 3 3 0 21 7 3 3
27 0 82 0 0 0 0 18 64 45 64 0 0 0 0 18 0 0 0
9 10 42 19 26 0 33 27 44 37 42 19 10 19 0 21 7 3 4
4 6 56 19 24 0 27 24 44 42 47 18 5 14 0 28 8 2 2
11 0 44 11 22 0 22 33 44 33 33 11 0 0 0 33 0 0 0
5 4 50 45 17 2 27 30 47 45 53 5 3 1 0 21 8 1 4
0 3 61 52 8 1 22 25 54 52 64 2 0 1 0 25 9 0 1
0 0 100 60 20 0 0 20 20 60 60 20 0 0 0 40 0 0 0
3 8 43 51 13 3 23 18 37 41 55 12 7 3 3 52 7 0 2
6 6 50 59 6 2 20 17 34 49 69 12 6 3 2 58 4 0 2
23 0 38 69 15 15 8 23 23 54 54 0 0 8 0 54 0 0 0
8 10 15 84 14 2 11 30 32 46 54 7 1 0 1 12 8 6 4
6 7 10 92 8 1 5 30 32 53 61 3 1 0 1 14 8 4 4
14 0 57 100 14 0 0 29 43 57 86 0 0 0 0 14 14 0 0
4 6 43 57 24 3 15 19 38 37 61 4 5 3 0 37 5 1 0
0 6 39 75 10 1 8 15 38 40 64 1 3 1 0 44 4 0 0
0 0 43 86 14 0 0 29 43 43 71 0 0 0 0 57 0 0 0
Leading countries (%)Forecasted realization time
Ja
pa
n
D
o 
no
t k
no
w
O
th
er
 c
ou
nt
rie
s
Potential problems
U
SA
O
th
er
 a
dv
er
se
 e
ff
ec
ts
A
dv
er
se
 e
ff
ec
t o
n 
m
or
al
s, 
cu
ltu
re
 o
r
so
ci
et
y
A
dv
er
se
 e
ff
ec
t o
n 
sa
fe
ty
A
dv
er
se
 e
ff
ec
t o
n 
th
e 
na
tu
ra
l
en
vi
ro
nm
en
t
O
th
er
s
R
ei
nf
or
ce
 o
r e
st
ab
lis
h 
re
la
te
d
re
gu
la
tio
ns
R
el
ax
 o
r a
bo
lis
h 
re
la
te
d 
re
gu
la
tio
ns
D
ev
el
op
 e
nv
iro
nm
en
t f
or
 b
us
in
es
s
st
ar
tu
ps
Measures the government should adopt
In
cr
ea
se
 g
ov
er
nm
en
t r
es
ea
rc
h
fu
nd
in
g
D
ev
el
op
  r
es
ea
rc
h 
an
d 
de
ve
lo
pm
en
t
in
fr
as
tru
ct
ur
e
R
ei
nf
or
ce
 c
oo
pe
ra
tio
n 
am
on
g
se
ct
or
s a
nd
 fi
el
ds
Fo
ste
r h
um
an
 re
so
ur
ce
s
EU
20312016 2021 202620112006
348
H
ig
h
M
ed
iu
m
Lo
w
In
de
x
H
ig
h
M
ed
iu
m
Lo
w
U
nn
ec
es
sa
ry
1 73 14 15 71 47 15 40 44 0 73 21 8 5
2 70 11 9 80 40 7 39 52 1 80 13 3 3
X 8 100 0 0 59 38 25 38 0 88 13 0 0
1 69 10 10 80 46 13 44 41 1 78 22 9 7
2 68 9 6 85 43 7 51 40 1 85 16 4 4
X 6 100 0 0 54 33 17 50 0 83 17 17 0
1 181 12 35 54 77 59 32 9 1 55 77 31 7
2 163 10 31 59 83 70 25 6 0 56 84 23 3
X 17 100 0 0 96 94 0 6 0 47 88 24 0
1 131 15 19 66 72 47 45 7 1 42 59 50 16
2 121 9 13 78 75 50 48 2 0 36 64 51 10
X 11 100 0 0 100 100 0 0 0 64 73 55 0
1 109 16 20 64 61 30 52 18 0 45 52 61 10
2 102 9 18 74 60 28 57 15 0 38 54 56 6
X 9 100 0 0 78 56 44 0 0 56 56 44 22
1 113 18 14 68 67 41 48 12 0 52 50 37 7
2 106 13 13 74 66 37 53 11 0 64 49 21 3
X 14 100 0 0 73 50 43 7 0 71 43 36 0
1 164 18 28 54 63 30 60 10 0 37 51 70 3
2 150 13 29 59 61 25 68 7 0 30 55 73 2
X 19 100 0 0 68 42 47 11 0 32 42 74 0
1 147 18 18 63 61 32 50 16 1 20 47 71 10
2 130 15 18 67 60 26 64 10 1 16 50 73 5
X 20 100 0 0 70 40 60 0 0 30 35 70 10
1 99 17 17 66 76 55 39 5 1 36 37 78 13
2 89 12 15 73 80 62 36 1 1 26 31 80 4
X 11 100 0 0 95 91 9 0 0 18 27 82 9
1 71 27 10 63 63 36 46 17 1 51 27 72 3
2 63 22 10 68 64 32 61 5 2 48 14 78 0
X 14 100 0 0 86 71 29 0 0 64 14 79 0
Ex
pa
ns
io
n 
of
 in
te
lle
ct
ua
l r
es
ou
rc
es
Pe
op
le
's 
ne
ed
s
D
iv
is
io
n
N
um
be
r o
f r
es
po
nd
en
ts
Q
ue
st
io
nn
ai
re
 ro
un
d
Degree of
expertise (%)
To
pi
c 
se
ria
l N
o.
Importance (index, %)
Topic
R
es
ol
ut
io
n 
of
 g
lo
ba
l p
ro
bl
em
s
Expected effect (%)
So
ci
oe
co
no
m
ic
 d
ev
el
op
m
en
t
Co
m
m
on
11
12
13
19
18
14
15
17
16
20
W
at
er
 re
so
ur
ce
 d
ev
el
op
m
en
t t
ec
hn
ol
og
y
Fl
oo
d 
pr
ev
en
tio
n/
pr
ep
ar
ed
ne
ss
te
ch
no
lo
gy
Practical use of a "hard-rock" drilling technique
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changes in precipitation characteristics.
Widespread implementation of conservation and
rational use of groundwater following advances in
technology for monitoring groundwater flow,
level and distribution.
Widespread use of technology for efficiently
removing soil deposit in reservoirs by flushing
appropriate amounts of storage to prevent its
buildup so as to rejuvenate the dams and extend
their service life.
Widespread use of treated recycled water at
housing complex, small-scale industries, etc.
following advances in sewage and wastewater
treatment technologies.
Widespread use of "nature-oriented river
reconstruction" technology that can significantly
improve living situation of animals and plants,
landscape, and easy access to the water.
Establishment of accurate rainfall forecasting
technology capable of providing timely flooding
and landslide forecasts.
Widespread use of levees designed not to break
even if overflow occurs and constructed by using
high-standard levees and new materials.
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4 4 47 36 12 1 27 7 32 37 38 14 3 1 1 34 5 0 1
3 6 53 36 6 1 26 4 41 39 47 10 4 0 0 41 3 0 1
13 0 50 63 0 0 13 0 50 38 38 13 0 0 0 25 0 0 13
3 4 45 39 13 1 29 17 46 38 49 10 1 0 0 25 6 3 1
1 1 57 38 10 1 18 13 51 43 51 4 1 0 0 29 1 3 3
17 0 50 50 33 0 0 50 33 50 33 0 17 0 0 33 0 0 0
3 6 50 15 57 1 16 23 41 38 50 22 16 31 2 16 10 3 6
2 2 61 10 66 1 10 17 44 39 61 20 13 29 1 17 9 1 3
0 0 82 6 65 0 0 12 47 24 76 18 24 29 6 24 6 0 0
6 5 45 44 24 0 29 37 27 56 42 2 2 5 1 21 8 2 4
5 3 53 50 18 0 21 37 25 73 47 1 0 3 1 25 5 0 2
9 0 73 82 18 0 0 45 36 64 55 0 0 0 9 36 9 0 9
3 6 36 26 25 1 37 30 32 53 41 6 3 14 0 25 12 1 4
1 6 43 24 24 0 36 29 28 69 46 3 2 8 0 29 6 1 3
0 0 56 56 22 0 11 56 44 44 44 0 0 11 0 33 0 0 11
4 6 62 15 9 0 27 23 41 35 38 8 10 10 3 34 8 1 4
6 3 74 11 7 0 20 20 43 47 48 6 6 6 2 43 7 1 2
0 0 100 7 14 0 0 29 71 50 43 7 0 0 7 36 14 0 7
3 3 59 14 27 1 25 13 35 27 34 20 23 28 1 12 18 4 3
1 1 75 9 26 0 15 10 41 29 42 22 18 27 1 13 20 3 2
5 0 95 11 26 0 0 21 58 16 53 11 16 32 0 0 16 5 11
3 4 45 13 55 0 20 33 33 29 27 12 20 23 3 22 8 5 3
4 2 48 8 64 0 16 37 38 28 29 9 21 22 2 27 7 2 1
0 0 60 10 95 0 0 70 45 35 50 15 10 10 5 10 0 0 5
5 2 67 35 14 0 18 32 38 46 48 4 4 1 0 13 8 3 4
3 0 80 36 10 0 8 36 37 56 62 0 1 0 1 17 2 1 1
9 0 82 27 0 0 0 45 45 45 55 0 0 0 9 18 9 0 9
8 6 70 14 11 1 15 24 32 30 37 8 14 13 1 25 13 0 6
3 5 81 11 8 2 11 16 44 37 48 5 13 13 3 37 10 0 2
0 0 93 0 0 0 0 29 64 29 43 0 21 7 7 14 7 0 7
Leading countries (%)Forecasted realization time
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1 109 18 14 68 56 25 49 27 0 36 17 78 6
2 106 14 11 75 55 20 61 19 0 32 11 82 2
X 15 100 0 0 80 60 40 0 0 53 13 87 0
1 96 11 16 73 68 42 45 13 0 47 13 79 3
2 92 8 12 80 68 40 52 9 0 50 4 82 1
X 7 100 0 0 86 71 29 0 0 57 14 71 0
1 110 9 13 78 52 21 45 32 2 25 6 92 3
2 107 7 14 79 53 17 64 19 1 21 2 93 3
X 8 100 0 0 69 38 63 0 0 25 0 100 0
1 164 20 24 55 74 50 44 6 0 30 62 79 4
2 151 17 22 62 77 56 40 4 0 24 60 81 2
X 25 100 0 0 82 64 36 0 0 28 68 84 0
1 121 7 29 64 44 15 34 48 3 27 61 57 7
2 109 4 26 71 41 10 34 55 1 20 72 52 4
X 4 100 0 0 88 75 25 0 0 0 75 75 0
1 154 14 23 63 75 54 38 7 0 19 62 72 6
2 140 11 21 69 79 61 34 5 0 14 65 76 2
X 15 100 0 0 75 53 40 7 0 13 67 87 7
1 145 10 26 64 70 46 39 13 1 14 57 73 11
2 125 6 22 72 73 50 43 7 0 14 58 81 7
X 7 100 0 0 64 29 71 0 0 14 71 86 14
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Widespread use of technology for monitoring
levees etc. by sensors using optical fibers in
preparation for disasters.
Widespread use of water supply pipes made of
new materials that are highly resistant to
earthquakes and other disasters and their
installation technologies.
Development of a social system based on
navigation technology using portable personal
terminals capable of facilitating evacuation
operations.
Widespread practical use of water treatment
technologies that contribute to improvement in
the environmental quality of rivers and lakes and
facilitate the use of water taken from them over a
wide area.
Development of technology for on-site removal
of arsenic, fluorine etc. using inexpensive and
simple equipment to improve water quality in
developing countries
Widespread use of technology for removing a wide
range of pollutants such as endocrine-disrupting
substances in addition to common pollutants such as
phosphorus and nitrogen compounds in sewerage and
other wastewater treatment.
Development of a highly accurate environmental
impact prediction technology for trace water
contaminants that are carcinogenic or endocrine-
disrupting, etc.
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2 3 61 17 11 0 26 12 39 29 47 15 7 4 3 8 13 1 6
1 2 71 14 7 0 18 8 42 25 58 11 4 5 3 8 18 0 4
0 0 87 7 13 0 0 27 47 33 53 13 7 0 13 0 7 0 20
1 7 68 20 10 0 22 8 32 32 51 17 13 14 3 14 16 1 6
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5 2 64 36 15 1 18 8 37 22 32 25 12 5 2 2 19 12 1
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0 3 80 18 36 0 12 22 45 37 60 12 9 24 1 26 8 1 1
0 0 96 24 44 0 0 36 52 44 52 4 16 36 4 12 8 0 4
3 12 36 28 22 0 38 31 27 32 47 16 3 8 1 16 11 5 3
1 7 46 33 22 0 34 31 27 33 58 10 3 9 0 21 15 2 3
0 0 75 25 25 0 25 25 50 0 25 0 25 0 0 25 0 25 0
4 6 45 35 29 0 32 35 42 40 59 8 4 28 0 17 11 4 5
2 4 54 38 26 0 26 34 46 41 66 5 1 25 0 24 13 1 2
7 7 80 53 33 0 0 40 47 27 67 0 0 40 0 13 7 7 7
3 8 34 47 28 1 28 42 32 46 54 9 1 22 1 10 11 4 4
2 6 38 66 28 0 16 44 31 58 62 7 2 18 0 14 11 2 2
0 0 43 71 14 0 14 57 29 57 71 0 0 29 0 29 14 0 0
Leading countries (%)Forecasted realization time
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9.2. Survey Results in “Energy”
9.2.1. Trends in noteworthy domains
In the latest survey, a set of questions concerning the outlook of the world 30 years into the future
were introduced again to the “resources and energy” field. Of the several population and economic growth
scenarios proposed by the IPCC to estimate greenhouse gas emissions, four typical ones were selected and
put to respondents for their views.  Of these, the “balanced development” scenario that seeks compatibility
between environmental protection and economic development and “bottom-up development” scenario that
gives priority to local problems and fairness received about the same level of support.  The former is
characterized by the lowest CO2 emissions resulting from the lowest primary energy consumption, while
the latter is characterized by a gradual increase in CO2 emissions towards 2050 and 2100.  It should be
noted that the majority of experts consider it difficult to put a curb on rising CO2 emission levels.
Asked to choose the most effective type of measures in solving rising CO2 emission levels and other
global environmental problems from economic, ethical and technological measures, the greatest number of
respondents chose economic measures, followed by ethical measures and then technological measures.
Technological measures, which were ranked second in the previous survey, were taken over by ethical
measures in the latest survey.  This appears to indicate that respondents favor the idea of proceeding with
economic and ethical measures, such as lifestyle changes, the introduction of various regulatory controls,
and subsidization of a switch from fossil fuels to renewable energy, even in the absence of technological
measures due to their long developmental lead time. Ironically, one of the findings of this part of the
survey, which was aimed at identifying promising technologies and priority development technologies, is
that people’s expectations for technology have steadily declined, and this deserves proper analysis.
An overview of two noteworthy domains chosen on the basis of the degree of importance will be
presented below in terms of their present state and future outlook.
(1) Battery/cell technologies
In the connection of Japan’s status as the world No. 1 producer of solar cells and substantial
subsidization measures put in place to promote their use, there are great expectations for solar cells, with
two topics relating to this technology featuring in the top 20: topic 35, which represents a goal of large-
scale solar cell development with efficiency over 20%, and topic 41, which represents a goal for the spread
of solar cell use in private house power-generation.
Amid newspaper and other reports on vehicles powered by solid polymer fuel cells (EPFCs)
undergoing road tests, interest in fuel cells is growing, and this is reflected by the fact that the top 20
included three topics relating to this technology: 53, 71 and 70.
In addition, two topics relating to storage batteries, 58 and 60, also featured in the top 20, bringing
the battery/cell technology share of the top 20 to seven. The number even rises to eight if another topic
relating to electric cars is also included, on the grounds that storage battery development holds the key to
the popularization of electric cars. This clearly shows the high expectations people hold for battery/cell
technologies.
(2) Clean fuel development technology
Such high expectations for electric cars and fuel cell-powered vehicles stem from the view that the
development of clean vehicles is essential for the resolution of global environmental problems. This will
inevitably lead to greater demand for cleaner fuels such as hydrogen, raising strong hopes for the
commercialization of methane hydrate recovery technology, as well as technology to produce hydrogen
via thermochemical decomposition and technology to manufacture synthetic fuels, such as methanol and
DME, from coal, biomass, etc.
With advances in fuel cell technology development, new topics such as those relating to technologies
to manufacture hydrogen and other clean fuels and those relating to the development of a social
infrastructure necessary for the supply of clean fuels will emerge in the future.
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(3) Miscellaneous issues
Centering on coal gasification/liquefaction, nuclear fusion and fast breeder reactor, coal and nuclear
were basically the only technology areas associated with a negative image as manifested by the dominance
of “will not be realized” and “do not know” answers to the forecasted realization time question and a large
proportion of respondents citing “potential problems in Japan”.
Given that coal is the fossil fuel boasting the largest reserves, the development of clean coal
utilization technologies, such as liquefaction and gasification, will be essential for developing countries,
where energy consumption is expected to skyrocket in the future as economic development accelerates.
Even methanol and DME, clean fuels already discussed as important issues, depend on coal, as they hinge
on the gasification of coal or utilization of coal-bed methane. In addition, the termination of the
development of nuclear fusion as the ultimate clean and inexhaustible energy technology would not be
justified. For these reasons, the means and efforts to win broad public understanding of the importance of
these technologies are indispensable.
(Kunio Yoshida)
9.2.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Energy field
<Energy>
Primary energy Secondary energyDomain
Objective
Oil, coal and
natural gas
Solar, wind
power,
ocean
energy,
biomass and
geothermy
Nuclear
Processed
energy
sources
(hydrogen,
methanol,
etc.)
Electricity
Heat and
mechanical
energy
Energy-
related
systems
(combined
cycle, etc.),
Waste
disposal,
Recycling
Exploration,
recovery and
extraction
28 29
Production 30 33 34 35 36
37 38 39
45 46 47 50 51 55 56 57 58 70
Storage and
transportation
40 59 60 61 62
63 64
Utilization 31 41 42 43 52 53 54 65 66 67 71 73 74 75
Energy
conservation
68 69
Environmental
measures/safety
(recovery,
disposal, etc.)
32 44 48 49 72
<Peripheral topics such as social systems>    76 77 78
354
9.2.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below.  Degree of importance index
scores averaged 60.7 for topics in the energy field as a whole.  Topics judged to be particularly important
to Japan (top 20 topics in terms of degree of importance index score) are listed in the table below.
  
Table 3.9-3   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
49:Practical use of technology for the safe disposal of highly radioactive
solid waste. 94 2021
53:Widespread use of fuel cells as a highly efficient, environmentally safe,
and portable power source (e.g. for electric vehicles). 88 2015
75:Establishment of waste sorting and collection systems, leading to
widespread use of recycling systems that produce, distribute and consume
recycled materials and goods based on new economic criteria and
standards.
86 2016
28:Practical use of methane hydrate mining technology. 83 2022
35:Practical use of large-area thin-film solar cells with a cell conversion
factor over 20%. 80 2015
66:Widespread use of electric vehicles with driving performance comparable
to that of gasoline motorcars. 77 2018
58:Widespread use of high energy density (200 Wh/kg: 5 times the energy
density of a conventional lead acid battery) secondary batteries (Ni-MH,
Li, etc.) for motor vehicles.
75 2015
71:Widespread use of solid polymer electrolyte fuel cells for cogeneration in
households. 73 2017
74:Widespread use of energy-efficient houses that consume less than half as
much energy for air conditioning as the current average house. 72 2016
64:Practical use of energy management technology that effectively utilizes
power storage technology so that consumers can make effective use of
dispersed power sources.
69 2014
56:Practical use of large-scale combined-cycle power generation using high-
efficiency gas turbines (inlet temperature over 1,700℃). 69 2015
60:Practical use of electric power storage equipment using secondary
batteries for load leveling. 68 2015
45:Practical use of fast breeder reactor systems and  nuclear fuel cycle. 67 2031 -
41:Widespread use of solar cells for residential power supply. 66 2014
40:Practical use of an international energy transportation system in which
energy recovered from clean energy sources is transported after being
converted into hydrogen.
65 2027
70:Practical use of solid-electrolyte fuel cells with a capacity of tens of MW
for district cogeneration and dispersed power generation projects. 65 2018
46:Development of fusion power reactors. 64 2031 -
76:Widespread use of environmental accounting concepts and systems in
companies. 64 2010
51:Practical use of technology for producing synthetic fuel such as methane,
methanol and DME (dimethyl ether) from coal or biomass by using
hydrogen obtained from non-fossil sources.
64 2018
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Topic Importance index
Forecasted
realization time
50:Practical use of thermochemical water decomposition processes for
hydrogen production. 64 2022
9.2.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. In the energy field, the
peak of the distribution lay between 2016 and 2020, which was later than the general trend combining all
fields. Generally speaking, the forecasted realization times of topics were pushed back in this field.
Figure3.9-3   Forecasted realization times
9.2.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. Although Japan was chosen as the leading country in the energy field by the largest proportion of
respondents (58.0%), the second-placed U.S. was not far behind (44.6%).
Figure 3.9-4   Current leading countries (%)
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9.2.6.  Comparison with the 6th survey (previous survey)
Of the 51 topics included in the latest survey, 31 were carried over (content identical to the previous
survey), 13 were modified (content partially changed from the previous survey) and 7 were newly
introduced. The percentage shares of these topics were 61, 25 and 14, respectively. For carried-over topics,
findings in the latest survey concerning degree of importance index scores and forecasted realization times
were compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score rose for 10 topics, fell for 20 topics and remained
unchanged for 1 topic. Notably, topics 71 (fuel cell-related) and 28 (methane hydrate-related) gained 22
and 14 points, respectively, while topics 46 (nuclear fusion-related) and 45 (fast breeder reactor-related)
lost 15 and 13 points, respectively.
The forecasted realization time was pushed back for 25 topics, brought forward for 2 topics and left
unchanged for 2 topics, with another 2 topics classified as “other” (comparison not possible).
Table 3.9-4   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
28:Practical use of methane hydrate mining technology. 83 / 2022 69 / 2019
29:Practical use of large-scale underground coal gasification. 43 / 2024 45 / 2021
30:Practical use of power generation by coal gasification. 61 / 2015 66 / 2011
32:Practical use of synthetic technology to produce, by use of hydrogen,
liquid fuels such as methanol from carbon dioxide recovered from flue
gases at thermal power plants etc.
51 / 2020 54 / 2019
33:Development of space solar power generating system. 50 / 2031 - 53 / 2026 -
34:Practical use of 100 MW-capacity solar power generation system in desert
areas. 41 / 2020 41 / 2016
35:Practical use of large-area thin-film solar cells with a cell conversion
factor over 20%. 80 / 2015 77 / 2013
36:Practical use of power generation by ocean thermal energy conversion. 40 / 2022 41 / 2020
38:Practical use of energy plantation. 47 / 2019 43 / 2020
40:Practical use of an international energy transportation system in which
energy recovered from clean energy sources is transported after being
converted into hydrogen.
65 / 2027 68 / 2023
41:Widespread use of solar cells for residential power supply. 66 / 2014 71 / 2010
43:Practical use of hot dry rock power-generating technologies. 45 / 2023 50 / 2021
44:Widespread use of biotechnologies to treat and reuse wastes and to obtain
energies such as methane at low cost. 58 / 2017 57 / 2016
45:Practical use of fast breeder reactor systems and  nuclear fuel cycle. 67 / 2031 - 80 / 2025
46:Development of fusion power reactors. 64 / 203１ - 80 / 2026 -
47:Development of high-safety small to medium-scale nuclear reactors
designed for cogeneration of heat and power. 52 / 2026 62 / 2022
49:Practical use of technology for the safe disposal of highly radioactive
solid waste. 94 / 2021 89 / 2019
50:Practical use of thermochemical water decomposition processes for
hydrogen production. 64 / 2022 59 / 2019
52:Widespread use of methanol as fuel. 53 / 2015 52 / 2015
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
55:Practical use of molten salt fuel-cell power generator of 200,000 to
300,000 KW class that uses coal gas. 51 / 2019 61 / 2017
57:Practical use of hydrogen-fueled turbines for power generation. 51 / 2022 56 / 2021
60:Practical use of electric power storage equipment using secondary
batteries for load leveling. 68 / 2015 67 / 2014
61:Practical use of power networks utilizing superconducting cables. 62 / 2029 61 / 2025
62:Practical use of DC power transmission in the 1,000 KV class. 51 / 2020 55 / 2015
65:Widespread use in industries of power equipment such as generators using
high-temperature superconductivity. 53 / 2025 56 / 2022
66:Widespread use of electric vehicles with driving performance comparable
to that of gasoline motorcars. 77 / 2018 79 / 2013
68:Widespread use of efficient bottoming cycle power generation utilizing
low temperature waste heat recovered from turbine or factory (e.g. kalina
cycle).
54 / 2018 56 / 2014
69:Practical use of electricity storage methods using hydrogen produced by
electrolysis. 55 / 2019 56 / 2019
71:Widespread use of solid polymer electrolyte fuel cells for cogeneration in
households. 73 / 2017 51 / 2021
73:Realization of heat-oriented industrial complexes aiming at effective use
of different energy sources. 57 / 2018 64 / 2015
74:Widespread use of energy-efficient houses that consume less than half as
much energy for air conditioning as the current average house. 72 / 2016 78 / 2012
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9.2.7. Table of survey results
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1 159 9 33 57 76 56 34 9 1 68 66 11 4
2 134 9 34 57 83 70 24 5 1 75 67 5 2
X 12 100 0 0 94 92 0 8 0 75 67 0 8
1 145 12 25 63 46 22 29 40 10 59 57 10 4
2 125 10 24 66 43 18 30 40 12 63 62 6 3
X 13 100 0 0 37 15 15 54 15 54 62 0 8
1 160 19 27 54 60 35 39 24 2 66 63 10 4
2 138 18 26 56 61 34 41 24 0 71 61 4 2
X 25 100 0 0 83 68 28 4 0 80 60 0 4
1 158 11 26 63 50 21 42 32 4 55 51 11 5
2 138 12 26 62 49 17 49 30 4 61 54 6 5
X 16 100 0 0 56 31 38 25 6 63 50 6 13
1 165 18 32 50 49 27 32 23 17 31 65 8 10
2 139 18 29 53 51 26 39 20 15 32 73 5 9
X 25 100 0 0 45 28 24 20 28 24 64 4 20
1 151 14 26 60 50 24 37 30 9 36 72 5 15
2 135 10 28 62 50 24 41 25 11 33 79 4 10
X 13 100 0 0 54 23 54 15 8 46 92 0 8
1 174 14 32 54 43 15 38 38 9 37 79 9 5
2 148 12 33 55 41 10 40 42 8 39 80 5 5
X 18 100 0 0 56 29 41 24 6 39 83 0 6
1 161 18 36 46 77 59 31 9 0 64 80 16 6
2 139 14 32 53 80 64 30 7 0 65 81 9 4
X 20 100 0 0 89 80 15 5 0 75 80 10 5
1 152 9 34 58 43 17 30 46 7 34 70 7 9
2 136 6 32 62 40 11 32 50 6 33 79 4 4
X 8 100 0 0 28 0 25 63 13 50 63 0 13
1 178 9 33 58 52 25 41 28 6 40 74 17 6
2 154 9 29 62 50 19 51 26 5 38 82 10 3
X 14 100 0 0 48 29 29 21 21 29 79 0 7
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Practical use of methane hydrate mining
technology.
Practical use of large-scale underground coal
gasification.
Practical use of power generation by coal
gasification.
Widespread use of direct coal liquefaction
technology.
Practical use of synthetic technology to produce,
by use of hydrogen, liquid fuels such as methanol
from carbon dioxide recovered from flue gases at
thermal power plants etc.
Development of space solar power generating
system.
Practical use of 100 MW-capacity solar power
generation system in desert areas.
Practical use of large-area thin-film solar cells
with a cell conversion factor over 20%.
Practical use of power generation by ocean
thermal energy conversion.
Widespread use of MW-class wind power
generation systems in Japan.
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1 9 34 52 14 2 32 21 42 57 61 10 6 5 1 65 9 1 1
1 6 35 63 10 1 25 22 42 63 69 13 4 3 0 66 7 1 0
8 8 83 100 8 8 0 25 58 58 75 17 17 8 0 83 0 0 0
16 11 22 38 23 10 34 17 30 43 46 8 8 5 1 59 13 1 1
16 9 18 50 17 5 34 11 21 50 55 7 6 6 1 64 12 1 1
31 0 31 62 23 8 15 8 0 38 38 0 8 0 0 62 15 0 0
2 9 50 49 34 1 15 12 33 38 56 12 6 7 1 46 7 0 3
1 5 57 50 28 0 14 7 30 43 67 9 6 8 0 52 5 0 1
0 0 68 52 44 0 4 8 24 28 64 8 4 4 0 36 8 0 4
9 15 52 37 28 6 18 19 25 32 44 14 4 6 1 42 8 1 2
8 10 61 41 26 3 14 12 28 41 54 11 2 4 2 51 5 0 2
19 13 81 44 38 13 0 19 19 44 38 13 6 6 0 56 0 0 0
30 10 53 25 21 1 24 16 30 26 38 8 4 10 6 26 8 1 5
29 4 65 21 16 1 17 14 40 37 51 5 3 10 4 32 7 1 3
40 0 84 8 16 4 0 12 32 28 32 4 4 20 4 40 4 0 4
21 7 26 66 5 1 18 26 32 43 51 5 4 2 1 40 21 2 3
26 7 22 82 4 0 9 24 33 46 59 3 4 1 1 49 22 1 1
8 8 46 77 0 0 0 31 38 62 85 0 0 0 0 54 15 8 0
7 10 54 44 24 2 17 16 29 29 40 16 4 2 4 32 3 4 3
6 7 65 51 24 2 11 14 32 32 51 12 4 1 1 39 1 3 1
11 0 78 67 44 0 0 17 39 44 67 11 6 0 6 28 6 6 0
2 6 83 51 26 1 7 20 42 41 63 14 9 4 2 14 5 1 3
2 5 88 50 21 1 3 17 47 44 69 9 4 3 1 19 2 2 1
5 5 80 55 25 0 0 10 40 50 80 10 0 0 5 15 0 10 0
30 14 43 31 11 1 26 18 25 35 35 9 7 3 1 36 2 1 3
29 9 57 32 7 1 22 15 26 43 46 8 5 2 1 44 0 1 1
38 13 50 50 0 0 13 13 25 25 25 13 13 0 0 50 0 0 0
19 8 20 58 68 0 5 10 25 24 31 33 26 12 1 31 11 4 3
16 3 12 58 80 0 3 6 29 24 33 34 29 12 1 40 10 3 2
14 0 0 36 79 0 7 7 14 0 29 36 21 21 7 57 21 0 0
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1 110 14 28 58 50 22 39 32 7 39 75 8 5
2 96 9 28 63 47 15 48 32 5 36 82 5 4
X 9 100 0 0 81 67 22 11 0 67 100 11 11
1 180 13 29 58 56 27 45 26 3 41 78 14 8
2 165 10 28 62 54 24 49 24 3 38 84 8 4
X 16 100 0 0 70 56 19 19 6 44 88 6 13
1 177 20 29 51 64 40 42 13 5 46 79 12 9
2 157 15 27 57 65 41 43 11 5 50 83 9 5
X 24 100 0 0 79 65 26 4 4 63 96 17 8
1 216 15 30 55 68 41 48 10 0 50 75 44 4
2 186 15 28 57 66 38 52 9 1 49 78 39 4
X 28 100 0 0 80 64 32 0 4 71 75 32 7
1 203 11 26 63 55 26 42 30 1 31 64 50 1
2 176 10 22 68 51 18 51 30 1 27 70 47 1
X 18 100 0 0 61 33 50 11 6 44 67 44 6
1 110 9 28 63 46 17 41 35 7 35 69 10 6
2 100 7 24 69 45 13 45 38 3 29 75 6 6
X 7 100 0 0 61 29 57 14 0 29 71 14 0
1 197 15 31 53 63 35 48 17 1 43 77 30 5
2 167 13 34 53 58 26 59 14 2 43 81 22 4
X 22 100 0 0 59 27 59 9 5 45 86 23 0
1 134 28 16 56 63 45 27 17 10 48 60 7 13
2 117 26 18 56 67 52 21 16 11 53 65 4 13
X 30 100 0 0 91 86 3 10 0 73 83 3 13
1 131 21 21 59 61 43 26 21 10 43 67 9 28
2 116 16 21 64 64 48 25 16 11 53 71 5 22
X 18 100 0 0 78 61 28 11 0 72 94 17 22
1 116 30 17 53 53 27 42 23 9 51 58 17 9
2 101 26 17 57 52 24 45 22 9 54 65 7 6
X 26 100 0 0 58 31 38 31 0 69 62 12 12
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40
41
42
43
44
45
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47
Practical use of energy plantation.
Biomass energy utilization increases to account
for at least 3% of total primary energy supply in
Japan.
Practical use of an international energy
transportation system in which energy recovered
from clean energy sources is transported after
being converted into hydrogen.
Widespread use of solar cells for residential
power supply.
Widespread use of solar hot-water supply systems
in nearly 70% of Japanese households (current
rate 20%).
Practical use of hot dry rock power-generating
technologies.
Widespread use of biotechnologies to treat and
reuse wastes and to obtain energies such as
methane at low cost.
Practical use of fast breeder reactor systems and
nuclear fuel cycle.
Development of fusion power reactors.
Development of high-safety small to medium-
scale nuclear reactors designed for cogeneration
of heat and power.
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8 13 17 41 35 5 28 25 31 42 34 19 15 8 1 38 7 5 0
10 8 13 51 33 4 25 24 29 55 44 10 5 7 0 46 3 3 0
22 0 22 56 33 11 22 44 33 56 56 33 22 11 0 78 0 11 0
19 7 28 39 48 4 22 26 33 41 40 19 18 18 1 24 6 4 2
18 4 22 41 63 5 16 25 38 45 49 16 15 13 1 32 5 2 0
6 0 13 50 69 0 6 25 56 50 50 19 31 31 0 19 6 13 0
13 11 54 41 35 1 21 25 36 45 51 14 14 10 2 18 17 2 3
14 9 62 41 31 1 20 25 39 55 60 13 10 6 0 22 18 1 1
8 4 83 50 58 0 0 42 54 58 67 13 17 8 0 29 21 0 4
3 4 73 32 30 0 13 8 30 18 33 33 35 19 6 12 5 3 3
3 2 84 31 27 1 9 5 36 16 43 44 42 15 4 18 3 2 2
4 0 79 32 39 0 11 4 36 11 43 50 50 11 4 11 7 7 4
27 11 63 14 13 0 25 2 23 10 20 32 23 21 6 10 5 2 3
31 7 75 11 9 1 17 3 24 9 21 48 27 19 4 15 4 1 3
39 6 83 11 17 6 11 6 11 6 22 56 17 22 6 11 6 6 6
14 16 53 32 13 0 23 22 25 45 51 7 18 5 0 46 7 2 2
14 12 59 31 11 0 17 22 27 50 57 6 13 4 0 55 4 1 1
14 0 86 43 43 0 0 14 29 57 57 0 29 0 0 57 14 0 0
4 9 46 31 41 2 21 21 43 39 55 23 16 15 1 17 10 4 3
4 5 51 27 49 1 18 19 49 40 63 23 12 13 1 26 10 2 2
5 0 45 18 77 0 0 5 55 32 55 32 23 27 0 27 14 0 0
31 7 63 20 43 2 10 38 28 42 41 4 10 9 5 29 46 15 4
31 6 74 21 45 2 6 41 32 46 47 3 9 8 6 31 53 10 3
7 3 93 20 57 3 3 60 43 60 63 0 17 3 3 10 40 3 0
37 14 59 56 48 6 11 44 26 48 45 5 2 5 5 26 34 12 3
46 14 66 67 54 3 10 45 25 54 47 2 3 4 4 31 43 9 3
33 17 83 78 83 0 6 61 33 67 50 6 11 0 6 33 33 0 0
23 9 48 38 28 7 16 29 34 41 37 7 18 7 4 27 42 9 1
25 7 61 47 28 5 13 31 38 48 45 4 16 5 5 29 47 6 1
4 0 77 62 38 12 0 31 38 65 46 4 31 4 4 8 35 0 0
Leading countries (%)Forecasted realization time
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1 83 37 17 46 61 41 29 20 10 31 66 13 16
2 70 36 16 49 63 43 32 16 9 33 74 4 7
X 25 100 0 0 73 56 24 20 0 40 84 12 12
1 122 26 24 50 90 81 16 2 1 28 76 14 11
2 104 24 22 54 94 88 11 1 0 30 81 4 5
X 25 100 0 0 98 96 4 0 0 28 92 4 0
1 140 19 26 56 65 41 39 18 2 49 76 11 9
2 123 17 24 59 64 38 46 15 2 53 78 5 7
X 21 100 0 0 69 52 29 10 10 57 71 10 10
1 148 18 28 53 65 38 47 15 1 54 74 12 3
2 126 14 27 59 64 33 59 7 1 49 77 7 2
X 18 100 0 0 76 61 28 6 6 44 83 17 6
1 188 14 24 62 55 22 56 20 3 46 72 22 2
2 162 12 21 67 53 15 69 15 1 43 79 14 2
X 19 100 0 0 54 26 47 16 11 42 79 11 5
1 200 25 24 52 81 65 30 5 0 64 80 39 6
2 171 23 23 54 88 76 22 2 0 64 82 27 5
X 40 100 0 0 96 92 8 0 0 65 85 30 5
1 173 15 25 60 59 33 41 20 6 43 73 27 7
2 152 11 24 64 59 28 54 13 5 42 84 18 5
X 17 100 0 0 78 59 35 6 0 71 100 29 12
1 138 20 25 54 54 26 43 29 3 42 69 12 8
2 118 19 26 54 51 17 55 25 3 42 75 7 7
X 23 100 0 0 59 30 43 26 0 65 83 4 13
1 133 18 29 53 69 43 46 10 1 61 76 11 4
2 118 14 26 59 69 42 49 8 1 59 80 5 5
X 17 100 0 0 82 71 24 0 6 59 94 0 12
1 114 18 26 56 54 25 45 26 4 40 75 10 6
2 102 14 25 61 51 19 50 28 3 39 75 5 7
X 14 100 0 0 57 36 29 29 7 43 79 0 14
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Practical use of partitioning and transmutation technology for long-
life nuclides. (Partitioning and transmutation technology: partitioning
of transuranium elements , 99Tc, 137Cs, 90Sr, etc. contained in high-
level radioactive waste, and transmutation of long-life nuclides into
short-life or stable nuclides through a fast reactor or an accelerator-
driven critical reactor.)
Practical use of technology for the safe disposal
of highly radioactive solid waste.
Practical use of thermochemical water
decomposition processes for hydrogen
production.
Practical use of technology for producing
synthetic fuel such as methane, methanol and
DME (dimethyl ether) from coal or biomass by
using hydrogen obtained from non-fossil sources.
Widespread use of methanol as fuel.
Widespread use of fuel cells as a highly efficient,
environmentally safe, and portable power source
(e.g. for electric vehicles).
Practical use of motor vehicles powered by
hydrogen fueled engines.
Practical use of molten salt fuel-cell power
generator of 200,000 to 300,000 KW class that
uses coal gas.
Practical use of large-scale combined-cycle
power generation using high-efficiency gas
turbines (inlet temperature over 1,700℃).
Practical use of hydrogen-fueled turbines for
power generation.
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22 13 57 37 52 2 16 43 25 48 41 5 7 10 1 29 31 4 0
26 7 64 40 53 1 10 43 26 57 51 4 6 6 0 30 37 1 1
24 8 88 40 72 4 0 52 36 72 60 8 8 4 0 20 28 4 0
7 8 56 52 60 1 8 33 35 48 52 9 14 16 0 34 33 5 0
7 6 67 55 69 0 7 31 37 55 59 5 13 14 1 40 38 1 1
0 0 72 72 88 0 8 32 44 56 52 12 16 12 4 24 32 0 0
9 9 51 41 26 1 24 32 33 49 56 14 12 5 1 14 20 1 1
8 5 62 45 22 1 19 33 33 57 63 10 7 4 2 15 20 0 1
14 0 71 57 33 5 0 38 38 48 57 10 19 0 5 29 29 0 0
5 9 41 39 30 2 30 22 40 47 55 11 14 9 0 24 11 1 1
5 8 52 43 28 0 27 19 40 52 62 10 10 3 0 33 10 0 0
11 6 78 56 39 0 11 28 44 56 56 11 17 0 0 22 17 0 0
8 13 36 42 30 8 23 13 31 24 41 18 27 15 1 23 16 2 2
7 10 35 55 30 5 22 10 32 31 53 15 25 13 1 31 15 2 1
16 5 58 63 42 5 11 16 32 32 42 11 26 5 0 42 11 5 0
0 3 62 71 49 7 9 20 48 37 57 30 26 16 2 13 12 3 4
0 2 65 78 46 5 6 18 53 35 70 30 22 11 1 18 13 1 2
0 3 65 83 55 5 0 23 63 45 70 35 28 10 0 15 18 3 3
19 14 47 43 36 0 21 15 36 36 47 17 23 13 2 9 20 1 3
15 7 57 55 38 0 16 13 36 39 61 13 20 9 1 11 28 1 1
12 12 65 47 47 0 12 12 53 65 53 24 35 18 0 0 35 6 0
14 12 64 48 16 1 14 17 33 33 51 14 14 4 1 22 10 1 1
16 6 74 52 13 1 7 13 36 36 60 9 11 3 0 29 8 1 0
26 4 96 61 22 0 0 17 52 43 61 9 13 4 0 22 13 4 0
2 7 61 60 24 0 11 14 38 33 62 14 7 2 0 11 7 2 3
3 4 71 68 14 0 7 12 39 36 74 8 3 0 0 12 8 1 1
0 0 82 65 18 0 6 18 41 47 71 24 6 0 0 24 12 6 0
14 11 42 42 13 0 31 18 32 35 48 9 9 3 2 7 12 2 5
16 5 53 53 11 0 23 16 33 43 59 4 7 1 1 5 20 1 2
14 7 71 36 14 0 14 29 43 64 64 7 21 0 0 0 14 7 0
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1 132 19 27 55 73 51 38 10 1 60 67 37 8
2 122 17 24 59 75 54 40 5 1 65 74 27 5
X 21 100 0 0 95 90 10 0 0 86 86 43 10
1 115 11 30 59 62 35 43 22 0 57 59 9 17
2 106 7 27 66 58 26 55 17 2 58 70 5 11
X 7 100 0 0 75 57 29 14 0 43 57 14 43
1 133 22 26 52 69 42 51 8 0 57 60 27 6
2 118 19 25 57 68 40 53 6 1 62 66 17 4
X 22 100 0 0 82 64 36 0 0 68 77 36 5
1 101 12 23 65 64 38 42 19 1 68 51 13 10
2 92 8 18 74 62 34 51 13 2 71 52 9 7
X 7 100 0 0 64 29 71 0 0 86 43 43 14
1 83 14 28 58 54 21 56 21 2 67 51 6 4
2 75 7 23 71 51 12 69 18 1 76 47 4 3
X 5 100 0 0 40 20 20 40 20 60 40 0 20
1 80 14 20 66 54 23 49 27 1 65 48 15 4
2 67 7 19 73 50 15 55 29 0 69 46 10 1
X 5 100 0 0 55 20 60 20 0 100 20 20 0
1 124 20 23 56 71 45 50 5 0 68 65 35 2
2 103 20 21 58 69 41 54 5 0 73 62 29 1
X 21 100 0 0 85 71 24 5 0 81 62 33 0
1 95 12 20 68 56 23 55 21 1 74 47 11 9
2 87 6 11 83 53 16 62 20 1 85 39 6 6
X 5 100 0 0 55 20 60 20 0 80 20 40 20
1 171 15 25 60 70 46 43 10 1 59 76 46 5
2 154 14 21 64 77 56 39 4 1 58 84 43 1
X 22 100 0 0 92 86 9 5 0 77 82 55 5
1 169 15 25 59 56 27 44 27 2 43 70 37 7
2 151 14 21 65 54 19 60 18 3 42 79 23 3
X 21 100 0 0 56 25 50 25 0 43 71 14 10
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Widespread use of high energy density (200
Wh/kg: 5 times the energy density of a
conventional lead acid battery) secondary
batteries (Ni-MH, Li, etc.) for motor vehicles.
Development of superconductive energy storage
technology enabling a capacity equal to that at
pumped hydroelectric power plants (1000 MWh).
Practical use of electric power storage equipment
using secondary batteries for load leveling.
Practical use of power networks utilizing
superconducting cables.
Practical use of DC power transmission in the
1,000 KV class.
Practical use of SMES (superconducting
magnetic energy storage) system for controlling
power systems of several to several tens of kWh.
Practical use of energy management technology
that effectively utilizes power storage technology
so that consumers can make effective use of
dispersed power sources.
Widespread use in industries of power equipment
such as generators using high-temperature
superconductivity.
Widespread use of electric vehicles with driving
performance comparable to that of gasoline
motorcars.
Widespread use of electric vehicles powered by
solar cells and secondary batteries.
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2 5 78 41 25 1 8 19 43 36 59 24 15 9 1 15 8 2 3
2 2 87 40 20 0 4 13 46 42 75 16 11 7 0 20 11 0 1
0 5 95 33 19 0 0 14 62 62 90 24 10 14 0 19 19 0 0
15 14 53 48 17 0 29 26 39 44 53 11 6 3 0 10 13 2 4
17 13 62 58 15 0 18 21 40 57 62 6 6 3 0 12 17 3 2
29 0 71 86 29 0 14 14 57 57 86 14 14 0 0 43 14 0 0
5 6 66 35 17 0 21 17 35 32 54 18 21 10 1 10 13 1 3
3 5 77 33 16 0 15 14 36 40 67 14 17 8 1 10 16 1 1
0 5 100 32 23 0 0 14 41 59 82 27 27 14 0 9 32 0 0
19 7 56 45 13 0 26 23 37 44 49 14 10 5 2 13 14 0 2
22 7 62 55 11 0 18 25 36 50 61 10 5 3 0 16 16 0 1
0 14 86 100 43 0 0 57 57 71 86 14 29 0 0 29 43 0 0
7 14 49 42 33 0 24 17 37 28 46 11 12 4 2 14 25 1 2
4 11 64 51 27 0 19 15 43 33 56 9 8 3 1 13 28 1 1
20 0 80 80 80 0 20 40 60 20 60 0 0 0 20 20 60 20 0
10 9 55 51 20 0 16 23 39 36 54 13 4 4 0 14 11 0 4
10 4 61 63 16 0 10 21 45 43 67 7 3 1 0 15 13 0 1
0 0 80 100 40 0 0 40 60 40 80 20 0 0 0 20 20 0 0
1 6 61 38 27 0 23 15 39 36 46 23 30 9 0 3 12 2 5
1 4 74 35 21 0 18 17 43 39 60 17 37 4 0 2 17 1 2
0 5 81 43 24 0 0 19 48 38 57 19 62 10 0 5 24 0 0
16 12 55 49 23 0 22 24 42 41 52 14 6 1 0 6 13 0 2
18 6 70 47 17 0 16 26 40 43 67 9 5 1 0 6 17 0 2
40 0 100 80 40 0 0 60 40 40 80 20 0 0 0 20 40 0 0
9 10 68 56 46 1 12 14 40 36 51 22 18 18 2 11 8 3 4
4 6 84 60 46 1 5 12 47 40 62 20 16 14 1 14 6 2 2
5 5 95 50 36 5 0 14 59 55 64 23 23 9 0 14 5 5 0
23 9 58 44 30 0 19 17 35 29 44 18 15 15 2 10 11 2 4
19 7 74 46 27 0 13 13 36 28 58 17 15 12 2 13 9 1 2
33 0 86 57 24 0 5 14 43 38 62 24 24 14 10 19 10 10 5
Leading countries (%)Forecasted realization time
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1 93 13 28 59 58 27 51 21 1 44 71 12 5
2 81 14 20 67 54 18 66 15 1 41 78 6 4
X 11 100 0 0 50 18 55 18 9 36 82 9 9
1 135 19 20 61 59 31 47 16 5 50 67 10 6
2 119 14 20 66 55 24 53 16 7 51 71 3 5
X 17 100 0 0 54 35 29 18 18 47 53 0 18
1 151 22 26 52 65 36 51 13 0 59 70 28 5
2 130 19 28 53 65 33 60 6 0 58 74 18 2
X 25 100 0 0 74 50 46 4 0 68 80 28 0
1 159 30 26 44 68 44 41 14 1 56 71 57 5
2 137 26 26 49 73 50 41 9 0 55 72 53 3
X 35 100 0 0 82 71 18 12 0 71 69 51 6
1 145 11 31 58 53 21 51 26 2 44 74 25 4
2 125 10 29 61 53 20 55 22 2 42 80 15 3
X 13 100 0 0 73 54 38 0 8 54 77 31 0
1 134 11 25 64 60 30 50 18 2 60 69 16 4
2 119 10 22 68 57 22 62 15 1 65 74 8 3
X 12 100 0 0 54 33 25 33 8 67 83 17 8
1 177 8 24 68 72 47 47 5 1 44 74 64 2
2 152 8 22 70 72 46 49 4 1 36 78 61 1
X 12 100 0 0 83 67 33 0 0 33 83 50 0
1 181 14 29 57 80 62 35 3 0 60 79 49 6
2 162 10 28 62 86 72 28 1 0 63 86 38 2
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X 32 100 0 0 81 68 23 10 0 63 91 6 3Pe
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Widespread use of efficient bottoming cycle
power generation utilizing low temperature waste
heat recovered from turbine or factory (e.g. kalina
cycle).
Practical use of electricity storage methods using
hydrogen produced by electrolysis.
Practical use of solid-electrolyte fuel cells with a
capacity of tens of MW for district cogeneration
and dispersed power generation projects.
Widespread use of solid polymer electrolyte fuel
cells for cogeneration in households.
Widespread use of high-efficiency heat pumps
(COP for cooling equal to 6) utilizing untapped
energy held by river water, groundwater, etc.
Nuclear power exceeds 40% of total power
generation in Japan*. (* Fiscal 1998 estimates:
nuclear power 36%, LNG 25%, coal 15%, oil
11%, hydroelectric power 11%)
Realization of heat-oriented industrial complexes
aiming at effective use of different energy
sources.
Widespread use of energy-efficient houses that
consume less than half as much energy for air
conditioning as the current average house.
Establishment of waste sorting and collection
systems, leading to widespread use of recycling
systems that produce, distribute and consume
recycled materials and goods based on new
economic criteria and standards.
Widespread use of environmental accounting
concepts and systems in companies.
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Distributed small-scale power generation
systems, typified by IPP (independent power
producers), account for 20% of total power
generation.
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10. Survey results in “Environment”
10.1. Trends in noteworthy domains
10.1.1. Environment
As in the case of the energy field, experts were asked to provide their views on the outlook of the
world 30 years into the future and the type of measures considered to be particularly effective in solving
global environmental problems based on four typical IPCC scenarios.
The results were identical to the energy field, and the “balanced development” scenario that seeks
compatibility between environmental protection and economic development on a global scale to minimize
CO2 emissions and the “bottom-up development” scenario that gives priority to local problems and
fairness and allows a gradual increase in CO2 emissions towards 2100 received about the same level of
support. The ranking of effective types of measures was also the same: economic measures first, ethical
measures second and technological measures third. This appears to indicate that respondents favor the idea
of proceeding with economic and ethical measures first and follow them up with technological measures,
which require a long developmental lead time, in view of the present state of affairs, which is marked by
absence of consensus on CO2 emissions control policy among the developed countries and lack of
commitment from developing countries.
In the environmental field, research initially only tackled local environmental problems, such as air
pollution and water pollution, but the rise of global-scale environmental problems have turned it into a
major research field. In the latest survey, the addition of environment risk-related topics, such as endocrine
disruptors (so-called environmental hormones), has made it even larger. Notably, as this field includes
increasingly diverse topics, ranging from scientific, engineering and medical topics to sociological topics,
a large percentage of respondents specified their “degree of expertise” to be “low”.
With the enforcement of the Household Electrical Appliance Recycling Law, which makes the
disassembly and recycling of household electrical appliances mandatory, and the Amended Recycling Law,
which obliges PC manufacturers to recover and recycle disused PCs, in sight, respondents showed a high
interest in issues such as recycling technology and LCA concepts-based design technology geared towards
facilitating reuse. The forecasted realization time of the LCA concepts-related topic, which had been rated
most important in the previous survey, was pushed back from 2001 to 2012. This indicates that as the time
for action neared, people realized that various technological hurdles would have to be cleared before the
switch to a recycling-oriented industrial structure was possible.  Since this issue has already been looked at
as part of the noteworthy domains in the previous survey, we will focus on two different areas here.  The
newly introduced “environmental risk” field will be discussed separately by an expert in that field.
(1) Control technology of motor vehicle emissions
As evidence mounted on the adverse impact that suspended particulate matter (SPM) emitted by
diesel vehicles has on the health of residents living in areas along main roads with heavy traffic, a lawsuit
has been filed in various parts of the country. The proposal by the Governor of Tokyo Metropolis to reduce
diesel vehicle traffic by imposing a special tax has also been widely reported by the media.
Reflecting these social conditions, motor vehicle emissions control technologies targeting nitrogen
oxide and SPM were ranked No. 1 and No. 2, respectively, in terms of the degree of importance. This is
consistent with the results obtained in the energy field, where great hopes were pinned on the development
of clean vehicles, such as electric cars and fuel cell-powered vehicles. The importance of the
popularization of low emission vehicles was also rated high in the environment field, ranked No. 7.
(2) Elucidation of contributing factors to global environmental change
The pollution of a river is easy to see, and people perceive it as a direct environmental change. Dirty
water and offensive odors usually lead to strident calls for urgent action.
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The difficulty associated with global environmental problems stems from the difficulty in noticing
change, unlike local environmental problems, such as the one mentioned above. Namely, with these
problems, it is essential that preventive measures be taken before things get out of hand and lead to dire
consequences, but it is not easy to convince people of this. In other words, the tasks arising from these
problems differ fundamentally from conventional technical tasks which scientists address on the basis of
experimental facts.
Despite these difficulties, people now seem to deep down accept climatic change as a fact, including
those who doubt the relationship between CO2 emissions and global warming, given the recent abnormal
weather events, such as intense rainfall and relentless hot humid tropical nights. For this reason, there is a
great need to elucidate and explain the contributing factors to global environmental change and its
mechanism based on theory and data as clearly as possible. Typical examples include the elucidation of
the CO2 generation and absorption/fixation mechanisms and that of the mechanisms of the long-distance
migration of SOx and NOx, gases identified as the cause of acid rain. The widespread use of alternative
substances for SF6 and HFCs can be viewed as an extension of this.
The introduction of an environmental tax was ranked No. 4 in terms of the degree of importance. To
introduce the environmental tax smoothly, however, stepped-up efforts will be needed to elucidate the
mechanisms of phenomena such as global warming, acid rain and depletion of ozone layer.
(3) Miscellaneous issues
Regarding the forecasted realization time of the topic stating that global CO2 emissions can be
reduced to 20% below 1990 levels, the answer “will not be realized” was chosen by as many as 20% of
respondents. This is consistent with the fact that the scenario permitting a gradual increase in CO2
emissions towards 2100 was supported by the greatest number of respondents.
Similarly, the majority of respondents either specified a distant future or chose “will not be realized”
as an answer for topics relating to biological CO2 fixation technology, deep sea CO2 sequestration
technology and CO2 liquid fuel conversion technology.
 Amid mounting expectations for a dramatic increase in energy consumption and CO2 emissions in
developing countries in the future, there seems to be a need to investigate desirable technologies looking
into a far future towards 2100 rather than focusing on a short time frame of 10 or 20 years. After all, most
would agree that there can be no resolution to global environmental problems without adequate
technological development, even though the effectiveness of technological measures may be limited.
(Kunio Yoshida)
10.1.2. Environmental risks
In recent years, general anxiety over chemical substances present in our immediate environment has
been spreading, and endocrine disruptors and other issues that are outside conventional toxicology have
become new foci of the environmental chemicals problem. In this new area, even the terminology is yet to
be established, with the term “hormonally active agents (HAAs) in the environment” used in an August
1999 report of the National Research Council (NRC) of the National Academy of Science (NAS) in place
of the term “endocrine disruptors” (EDs). The threat posed by endocrine disruptors is characterized as an
intergenerational problem, and tasks such as the establishment of search methods and the elucidation of
their effects on fetuses and newborns, existence of interactions between EDs and their mechanisms are
issues to be tackled in the future. McLachlan et al. have devised the term “envirocrinology” to convey a
new concept arising from the need to take the safety of these substances into consideration. In Japan, the
PRTR system to be introduced in April 2001 is designed to keep track of the release into the environment
and transportation of 354 chemicals, including endocrine disruptors, in quantitative terms, and it is hoped
that it will strengthen the self-management awareness of businesses and provide useful data to alleviate
public anxiety. Chemicals risk management is considered to be geared more towards a response to
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people’s needs than the resolution of global environmental problems.
The latest survey included eight topics relating to the environmental risk area. Of these, seven
featured in the top 20 topics chosen in terms of the degree of importance, thus indicating a higher level of
interest in this area. Geared towards an expected effect of “response to people’s needs” as opposed to
“resolution of various problems of a global scale”, encompassing marine pollution, climate change, etc.,
chemicals risk management was rated important by many respondents for five out of the top ten topics. In
this regard, respondents considered the elucidation of the relationship between environmental pollutants
and allergic disorders, development of a technique to predict the fate of new chemicals after their release
into the environment, popularization of technology capable of removing persistent environmental
pollutants from the soil and bottom sentiments contaminated by them on an in-situ basis as particularly
important tasks, as well as the popularization of low-emission vehicles in relation to the diesel vehicle-
emitted SPM problem. Overall, quite a few respondents specified their “degree of expertise” to be “low”
with regard to environmental risk-related topics in the latest survey. In particular, a large number of
respondents chose “do not know” as an answer when asked to forecast the realization times of topics
relating to the development of a technique to predict the fate of new chemicals, that of a biomonitoring
system for endocrine disruptors, and the like, thus posing some difficulty for the survey. The majority of
forecasted realization times fell around 2016.
Although the sheer number of chemicals makes it difficult to obtain a complete picture of the
problem through chemicals analysis, there is a need for new measurement technologies encompassing a
low-cost high-sensitivity simultaneous multicomponent analysis technology, automatic monitoring
technology, and so on. Needless to say, the control of measurement accuracy is an important issue. There
also appears to be a need for an approach that incorporates the utilization of biomonitoring, etc. in addition
to the direct analysis of chemicals.
(Kouji Matsushima)
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10.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and
vertical axis indicating objective. The aim of this was to fix the overall technological image in terms of
future potential and importance of the technology at the current stage. It is also used for reviewing the
topics.
Topic Framework for Environment field
Global environment        Domain
Objective
Depletion
of ozone
layer
Global
warming Acid rain
Marine
pollution
Diminish-
ment of
tropical
rainforests
Desertifi-
cation Common
Elucidation,
prediction and
observation of
phenomena
01 02 04 05 10 12 20
Elucidation,
prediction and
observation of
impacts
03 06 11 13 15 16 18
Prevention,
control and
management
07 08 09 14 17 19
Local environment         Domain
Objective
Air quality Waterquality
Noise/
vibration Recycle
Environ-
mental risk
Recycling-
oriented
society/LCA
Elucidation,
prediction and
observation of
phenomena
30
Elucidation,
prediction and
observation of
impacts
31 32
Prevention,
control and
management
21 22 23 24 25 26 27 28 29 33 34 35 36
37
38
<Peripheral topics such as social systems>    39 40
375
10.3. Topics with high degree of importance
The responses of survey subjects (excluding those indicating “none” regarding their degree of
expertise) on the degree of importance to Japan are summarized below. Degree of importance index scores
averaged 65.5 for topics in the environment field as a whole. Topics judged to be particularly important to
Japan (top 20 topics in terms of degree of importance index score) are listed in the table below. While the
topic rated most important related to motor vehicle emissions control technology, those relating to
industrial waste and the greenhouse effect also featured relatively high on the list.
  
Table 3.10-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
21:Widespread use in virtually all types of automobiles of a technique
capable of meeting an emission control standard that specifies a nitrogen
oxide emission limit of 0.1 to 0.2 g/km. (Current emissions from heavy
diesel motorcars are about 4 to 5 g/km, and the 1978 standard value for
gasoline passenger cars is 0.25 g/km.)
90 2011
22:Practical use of technology capable of reducing particulate matter
emissions from diesel vehicles to 10% of current levels (fiscal 1999
standard value for vehicles weighing more than 2.5t is 0.25g/kWh (average
value)).
90 2011
38:Large reduction of the amount of buried industrial waste as a result of
advances in the reorganization and integration of industrial technology
aimed at reducing waste emissions to zero.
89 2018
40:Introduction of an environmental tax in Japan with the aim of preserving
the global environment. 84 2009
39:Reduction of global carbon dioxide emissions to 20% below the 1990
level. 84 2027
29:Widespread use of products based on LCA (life cycle assessment)
concepts that facilitate recycling and reuse. 82 2012
34:Widespread use up to at least 20% throughout the world of low-polluting
vehicles that do not cause air or noise pollution for urban transportation
(e.g., electric vehicles).
81 2018
30:Elucidation of health disturbances caused by long-term exposure to low
concentrations of endocrine-disrupting chemicals (so-called environmental
hormones).
77 2015
37:Widespread use of technology for removing POPs (persistent organic
pollutants) such as dioxin from soil and sediment. 75 2017
31:Establishment of a technique to predict the fate of newly discovered
chemical substances through the accumulation of knowledge on matters
such as the behavior of persistent chemical substances in the environment.
73 2018
13:Elucidation of the impact of marine pollutants on marine ecosystems on a
global scale. 73 2018
23:Widespread use of high-efficiency processes for treating refractory and
hazardous materials using biotechnology-based waste water processing
systems.
71 2015
27:Widespread use of biodegradable plastics that can be fully decomposed by
microorganisms, as material for containers and packaging with short
service lives.
71 2014
09:Widespread use of alternative substances or processes for the three gases
— SF6, HFC and PFC — that were added to the list of gases subject to
control in the Kyoto Protocol.
69 2012
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Topic Importance index
Forecasted
realization time
36:Large reduction of the number of allergy-sufferers as a result of
elucidation of the relationship between environmental pollutants and
allergies.
68 2019
14:Practical use of effective technologies for restoring ocean areas
contaminated by tanker accidents, etc. (e.g., oil pollution control
technologies utilizing marine microorganisms).
68 2014
04:Elucidation to a high degree of accuracy of the mechanism of generation,
absorption and fixation of carbon dioxide. 67 2015
35:Widespread use of methods for on-site detoxification of soil over limited
areas contaminated with heavy metals or chemicals. 67 2015
32:Development of a bio-monitoring system effective for almost all
chemicals that are considered to be endocrine disrupters. 67 2018
20:Widespread practice of global-scale monitoring of various factors causing
air, water or other pollution, leading to realization of an international
information system that integrates environmental data.
66 2017
10.4. Forecasted realization times
The distribution of forecasted realization times is shown in the diagram below. More than 50% of all
topics in the environment field were forecasted to be realized between 2011 and 2015, but a few were
forecasted to be realized between 2016 and 2020. The peak of the distribution lay at approximately the
same location as the general trend combining all fields.
Figure3.10-1   Forecasted realization times
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10.5. Current leading countries
Responses to the question concerning current leading countries, etc. are as shown in the diagram
below. Although the U.S. was chosen as the leading country in the environment field by the highest
percentage of respondents (53.5%), the second-placed Japan was not too far behind (42.0%). A few
respondents (17.3%) chose the “do not know” answer.
Figure 3.10-2 Current Leading Countries (%)
10.6. Comparison with the 6th survey (previous survey)
Of the 40 topics included in the latest survey, 16 were carried over (content identical to the previous
survey), 16 were modified (content partially changed from the previous survey) and 8 were newly
introduced. The percentage shares of these topics were 40, 40 and 20, respectively. For carried-over topics,
findings in the latest survey concerning degree of importance index scores and forecasted realization times
were compared with the corresponding findings in the previous survey, with the results shown in the table
below.
In terms of the degree of importance, the score fell for all topics except topic 21, which gained one
point. The fall was particularly large with topic 28, which shed 26 points.
The forecasted realization time was pushed back for all 16 topics. This is a repeat of the trend seen in
the previous survey.
Table 3.10-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
01:Completion of high-accuracy, high-density observation system capable of
determining global changes of stratosphere ozone at different altitudes. 51 / 2012 57 / 2010
03:Elucidation of the impact of increased UV radiation resulting from
depletion of the ozone layer on humans as well as plants and animals,
including its interaction with other environmental factors and accumulated
exposure effect.
54 / 2014 61 / 2010
05:It becomes possible to accurately forecast the extent of climate change
caused by global warming in all ca. 50km x 50km squares over the world. 60 / 2015 63 / 2011
07:Development of technology to store carbon dioxide at deep sea levels of
more than 3,000 m below surface. 54 / 2018 56 / 2014
11:Elucidation of the mechanism of the impact of acid rain on animals and
plants. 60 / 2013 76 / 2009
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
12:Completion of global automatic and remote sensing networks for
monitoring marine pollution and marine ecosystems. 64 / 2017 67 / 2015
14:Practical use of effective technologies for restoring ocean areas
contaminated by tanker accidents, etc. (e.g., oil pollution control
technologies utilizing marine microorganisms).
68 / 2014 72 / 2011
15:Elucidation of the impact of loss of tropical forests on climate and
weather. 55 / 2015 58 / 2012
16:Elucidation of the impact of loss of tropical rain forests on wildlife
ecosystems. 46 / 2017 49 / 2014
18:Elucidation of the impact of desertification on climate and weather. 48 / 2015 51 / 2013
19:Development of drought-resistant, salt-tolerant plants for greening deserts,
using biotechnology. 48 / 2018 50 / 2013
20:Widespread practice of global-scale monitoring of various factors causing
air, water or other pollution, leading to realization of an international
information system that integrates environmental data.
66 / 2017 75 / 2013
21:Widespread use in virtually all types of automobiles of a technique
capable of meeting an emission control standard that specifies a nitrogen
oxide emission limit of 0.1 to 0.2 g/km. (Current emissions from heavy
diesel motorcars are about 4 to 5 g/km, and the 1978 standard value for
gasoline passenger cars is 0.25 g/km.)
90 / 2011 89 / 2007
24:Development of a bioreactor system that can improve an aquatic
environment using
bacteria or animalcules that ingest/decompose algae responsible for water
blooms or red tides.
65 / 2015 72 / 2011
28:Widespread use of waste-firing power generation systems that use refuse
derived fuel (RDF). 56 / 2012 82 / 2006
31:Establishment of a technique to predict the fate of newly discovered
chemical substances through the accumulation of knowledge on matters
such as the behavior of persistent chemical substances in the environment.
73 / 2018 79 / 2015
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10.7. Table of survey results
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1 165 7 23 70 53 19 55 27 0 5 94 13 18
2 146 3 19 77 51 13 67 20 0 3 97 10 10
X 5 100 0 0 80 60 40 0 0 0 100 40 20
1 180 4 23 72 57 23 60 17 1 11 91 14 20
2 156 2 18 80 55 16 71 12 1 5 94 6 12
X 3 100 0 0 67 33 67 0 0 0 100 0 33
1 178 5 22 73 54 19 62 17 2 7 83 33 24
2 156 3 16 81 54 14 74 11 1 3 90 23 14
X 5 100 0 0 50 20 40 40 0 0 100 20 40
1 232 12 31 57 67 40 50 9 1 26 93 10 26
2 202 8 27 65 67 38 56 5 1 22 95 5 19
X 16 100 0 0 80 69 19 6 6 13 88 25 38
1 199 9 29 62 60 30 51 18 1 22 91 19 21
2 176 5 24 71 60 27 61 12 1 18 93 14 14
X 9 100 0 0 100 100 0 0 0 44 100 44 33
1 202 12 25 63 64 36 52 12 1 21 93 13 26
2 174 6 22 72 62 29 62 8 1 15 95 5 16
X 10 100 0 0 88 80 10 10 0 10 100 0 40
1 193 9 30 62 53 26 40 30 4 18 88 3 9
2 176 6 27 66 54 23 50 24 3 15 91 2 5
X 11 100 0 0 85 70 30 0 0 9 100 9 0
1 200 14 27 60 55 27 42 28 4 26 89 8 11
2 175 9 26 65 54 22 51 24 3 24 89 4 5
X 16 100 0 0 69 56 19 13 13 44 88 13 13
1 195 6 28 66 68 42 48 10 1 47 89 19 7
2 172 6 26 69 69 41 56 4 0 42 89 10 3
X 10 100 0 0 90 80 20 0 0 50 90 10 10
1 194 7 28 65 63 35 48 17 0 20 90 18 14
2 169 4 27 69 65 34 57 10 0 15 93 12 9
X 7 100 0 0 86 71 29 0 0 43 100 29 29
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6
Completion of high-accuracy, high-density
observation system capable of determining global
changes of stratosphere ozone at different
altitudes.
Quantitative elucidation of the impact of
fluorocarbon and greenhouse gases on the
recovery of the ozone layer.
Elucidation of the impact of increased UV
radiation resulting from depletion of the ozone
layer on humans as well as plants and animals,
including its interaction with other environmental
factors and accumulated exposure effect.
Elucidation to a high degree of accuracy of the
mechanism of generation, absorption and fixation
of carbon dioxide.
It becomes possible to accurately forecast the
extent of climate change caused by global
warming in all ca. 50km x 50km squares over the
world.
Quantitative elucidation of the impact of climate
change (rainfall, temperature, etc.) on forests and
other natural vegetation on a global scale.
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5
Development of technology to store carbon
dioxide at deep sea levels of more than 3,000 m
below surface.
Practical use of carbon dioxide fixation
technology using organisms such as microalgae.
Widespread use of alternative substances or
processes for the three gases — SF6, HFC and
PFC — that were added to the list of gases
subject to control in the Kyoto Protocol.
Elucidation of the long-distance migration
mechanisms of acid-rain precursors such as SOx
and NOx.
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1 10 19 62 26 2 27 33 25 55 53 5 1 11 2 12 8 2 7
1 6 15 73 21 1 22 29 25 62 58 3 1 12 0 17 11 1 5
0 0 20 80 20 0 20 60 60 40 60 20 20 0 0 20 40 0 0
2 10 19 66 31 1 22 36 29 54 51 3 1 11 1 10 9 3 6
2 7 14 72 26 1 23 33 26 63 53 1 1 8 0 15 10 1 2
0 33 67 100 67 0 0 33 100 0 33 33 0 0 0 67 67 0 0
4 11 15 58 29 1 28 35 29 52 44 2 1 9 1 11 10 4 6
3 6 12 67 26 1 24 35 25 64 51 1 1 8 0 14 12 2 3
0 20 40 60 40 20 20 40 60 60 60 0 0 0 0 20 60 0 40
4 3 37 66 37 0 21 41 35 59 61 4 2 6 1 10 6 4 4
3 2 33 71 35 0 19 42 32 66 62 1 1 7 0 16 7 2 2
13 0 44 88 44 0 6 50 38 50 56 13 6 0 0 6 6 6 13
8 6 32 69 31 0 21 39 34 58 58 3 2 4 1 9 10 4 5
4 5 36 73 27 0 17 35 33 64 63 3 1 3 1 11 11 3 3
11 0 44 89 33 0 11 44 44 44 56 0 11 0 0 11 0 0 11
5 5 28 63 37 0 23 48 29 62 54 3 2 5 1 12 6 1 5
5 3 26 75 38 0 18 51 22 71 58 3 2 3 1 17 6 1 3
10 0 40 90 50 0 0 60 50 60 60 0 10 0 0 10 10 0 20
18 10 44 46 19 1 28 26 38 47 51 5 4 9 1 47 14 4 5
14 5 51 51 13 1 23 26 40 55 60 3 3 7 1 55 13 2 4
18 0 64 73 27 9 0 18 64 64 45 0 9 0 0 55 0 0 9
16 6 44 44 21 0 27 25 42 48 57 10 5 7 0 24 9 4 4
13 3 54 51 18 0 24 22 42 59 61 7 2 3 0 37 7 2 3
19 0 81 75 38 0 0 25 63 81 75 19 0 0 0 25 6 6 6
1 4 54 57 34 0 17 18 51 43 53 10 4 22 0 24 12 3 4
1 2 65 62 33 0 12 15 55 50 63 7 2 20 0 34 12 1 2
0 0 80 80 60 0 0 10 80 70 70 10 0 50 0 40 10 0 0
3 5 44 42 50 1 22 32 35 51 57 4 1 7 1 12 8 4 6
2 2 51 43 63 0 15 33 33 59 60 2 1 6 1 17 8 3 3
0 0 86 100 86 0 0 43 43 57 71 14 0 0 0 0 0 0 0
Leading countries (%)Forecasted realization time
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1 192 4 21 74 60 31 50 20 0 18 92 26 18
2 169 2 21 76 60 27 60 13 0 12 93 20 12
X 4 100 0 0 81 75 0 25 0 25 100 25 25
1 147 7 25 67 65 36 53 11 0 24 90 15 19
2 134 4 22 73 64 31 63 6 0 20 94 8 17
X 6 100 0 0 92 83 17 0 0 17 83 0 33
1 150 10 23 67 70 46 42 12 0 19 95 17 21
2 138 5 23 72 73 49 45 6 0 15 95 11 16
X 7 100 0 0 86 71 29 0 0 0 86 0 29
1 175 8 22 70 68 42 47 10 1 29 88 26 9
2 158 6 20 73 68 40 54 6 1 30 89 21 4
X 10 100 0 0 90 80 20 0 0 30 80 20 0
1 161 6 26 68 56 24 53 23 1 14 96 7 21
2 142 3 19 78 55 19 64 17 0 11 95 6 15
X 4 100 0 0 81 75 0 25 0 25 100 50 25
1 144 5 21 74 46 14 44 40 1 9 90 6 24
2 126 3 17 80 46 13 47 40 0 9 90 5 19
X 4 100 0 0 69 50 25 25 0 25 100 50 25
1 154 8 20 72 57 25 52 22 1 30 91 7 15
2 137 4 18 78 54 18 62 20 0 27 96 4 12
X 6 100 0 0 92 83 17 0 0 67 100 33 33
1 157 7 18 75 51 17 53 29 1 12 96 6 18
2 134 3 16 81 48 8 67 25 0 11 93 4 12
X 4 100 0 0 56 25 50 25 0 0 100 0 50
1 163 7 19 74 50 18 48 32 2 34 88 13 16
2 142 5 17 78 48 12 60 28 1 32 91 6 11
X 7 100 0 0 79 57 43 0 0 71 100 14 29
1 210 9 26 65 67 42 45 13 0 25 90 20 17
2 180 4 24 72 66 37 56 7 1 23 92 12 14
X 7 100 0 0 93 86 14 0 0 71 100 0 57
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Elucidation of the mechanism of the impact of
acid rain on animals and plants.
Completion of global automatic and remote
sensing networks for monitoring marine pollution
and marine ecosystems.
Elucidation of the impact of marine pollutants on
marine ecosystems on a global scale.
Practical use of effective technologies for
restoring ocean areas contaminated by tanker
accidents, etc. (e.g., oil pollution control
technologies utilizing marine microorganisms).
Elucidation of the impact of loss of tropical
forests on climate and weather.
Elucidation of the impact of loss of tropical rain
forests on wildlife ecosystems.
Widespread use of an effective technology for
regenerating damaged tropical forest ecosystems.
Elucidation of the impact of desertification on
climate and weather.
Development of drought-resistant, salt-tolerant
plants for greening deserts, using biotechnology.
Widespread practice of global-scale monitoring
of various factors causing air, water or other
pollution, leading to realization of an international
information system that integrates environmental
data.
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2 4 36 33 63 1 19 35 33 51 52 2 1 6 1 12 6 4 6
2 2 36 27 73 1 15 36 28 57 58 1 1 4 1 19 6 2 3
0 0 75 100 75 0 0 75 50 50 75 0 0 0 0 25 25 0 25
9 11 24 65 23 1 19 33 34 52 59 3 3 5 2 12 5 3 5
4 5 25 77 22 1 15 34 30 60 71 3 1 5 1 16 4 4 4
0 0 33 83 17 0 17 50 33 33 83 17 17 0 0 17 17 0 17
6 11 31 61 27 0 23 44 29 59 58 3 1 7 1 12 7 3 7
5 7 30 71 18 0 19 46 25 67 65 3 1 5 1 17 7 2 4
29 0 57 86 14 0 14 57 29 43 86 14 14 29 0 29 14 0 14
6 10 36 59 31 0 25 25 49 49 59 14 5 11 0 30 9 4 5
4 5 46 70 32 0 18 23 53 54 67 11 1 9 0 39 8 3 3
0 0 50 90 60 0 0 30 70 40 80 10 0 20 0 40 10 0 0
1 8 23 57 27 0 32 46 26 50 50 4 1 4 1 14 4 2 6
1 5 21 65 23 0 26 50 23 57 61 1 1 4 1 17 4 2 4
0 0 50 50 50 0 25 75 75 75 75 0 0 0 0 0 25 0 25
1 8 11 49 31 0 35 48 26 47 44 4 1 3 1 13 3 2 7
2 5 10 65 29 0 27 54 25 56 52 2 1 4 2 18 4 2 4
0 0 25 75 50 0 25 75 75 75 75 25 0 0 0 0 25 0 25
5 7 26 44 25 1 33 39 32 50 52 8 1 6 1 17 3 3 6
3 4 28 59 25 0 28 43 29 60 63 7 1 6 1 33 4 2 4
0 0 67 50 33 0 17 67 67 67 100 33 17 0 0 0 0 0 33
1 8 19 51 27 3 37 46 25 52 49 4 1 3 1 15 3 2 6
1 5 13 66 27 3 28 49 21 61 51 1 1 4 1 22 4 2 4
0 0 50 75 25 0 25 75 50 50 75 0 25 0 0 0 0 0 50
4 7 31 58 20 3 29 39 33 56 55 12 2 6 2 33 6 7 4
1 6 32 70 15 2 23 44 32 65 61 11 1 5 1 44 5 7 2
0 0 57 100 29 14 0 57 86 71 86 43 0 0 0 29 0 14 14
5 7 33 64 38 0 24 37 38 58 56 9 3 8 2 11 8 6 5
3 6 31 74 35 0 18 36 37 68 66 6 2 6 1 17 7 6 3
0 0 43 86 43 0 0 57 57 57 86 29 14 14 0 14 0 0 29
Leading countries (%)Forecasted realization time
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1 187 8 27 65 85 70 29 1 0 51 64 64 6
2 155 5 25 70 90 80 20 1 0 51 68 68 3
X 7 100 0 0 100 100 0 0 0 86 57 57 0
1 184 9 23 67 84 69 30 1 0 47 61 65 4
2 151 5 23 73 90 79 21 0 0 44 62 67 2
X 7 100 0 0 100 100 0 0 0 86 57 57 0
1 195 17 32 51 71 45 48 6 1 49 63 58 10
2 174 14 26 60 71 45 52 3 1 44 70 59 6
X 24 100 0 0 75 54 42 0 4 54 58 63 0
1 172 15 28 56 65 36 52 12 0 34 68 52 10
2 157 11 24 64 65 34 59 7 0 32 75 52 6
X 18 100 0 0 74 47 53 0 0 56 72 50 0
1 139 2 27 71 53 22 46 30 1 26 21 83 3
2 124 2 23 76 50 15 58 26 1 25 15 85 2
X 2 100 0 0 50 0 100 0 0 0 0 100 0
1 128 3 25 72 51 19 46 35 0 26 16 86 2
2 121 2 21 76 49 12 60 28 0 21 11 88 2
X 3 100 0 0 58 33 33 33 0 0 0 100 0
1 211 12 27 61 69 45 41 13 1 40 67 59 9
2 183 11 24 64 71 46 46 8 0 36 74 61 4
X 21 100 0 0 80 62 33 5 0 43 76 62 5
1 223 14 29 57 58 29 47 21 3 46 61 46 3
2 195 13 27 60 56 23 56 18 3 43 67 47 2
X 25 100 0 0 49 24 32 36 8 36 52 44 4
1 240 19 31 50 78 58 38 4 0 55 75 55 8
2 210 17 30 53 82 66 33 1 0 51 80 51 8
X 36 100 0 0 90 81 19 0 0 64 72 47 3
1 171 12 26 62 72 51 38 11 1 19 57 73 26
2 152 7 22 72 77 57 37 5 1 14 64 72 17
X 10 100 0 0 80 70 10 20 0 20 60 70 30
D
iv
is
io
n
N
um
be
r o
f r
es
po
nd
en
ts
Q
ue
st
io
nn
ai
re
 ro
un
d
Degree of
expertise (%)
To
pi
c 
se
ria
l N
o.
Importance (index, %)
Topic
R
es
ol
ut
io
n 
of
 g
lo
ba
l p
ro
bl
em
s
Expected effect (%)
So
ci
oe
co
no
m
ic
 d
ev
el
op
m
en
t
Ex
pa
ns
io
n 
of
 in
te
lle
ct
ua
l r
es
ou
rc
es
Pe
op
le
's 
ne
ed
s
A
ir 
qu
al
ity
21
22
W
at
er
 q
ua
lit
y
23
24
N
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27
28
29
En
vi
ro
nm
en
ta
l
ris
k 30
Widespread use in virtually all types of automobiles of a
technique capable of meeting an emission control standard
that specifies a nitrogen oxide emission limit of 0.1 to 0.2
g/km. (Current emissions from heavy diesel motorcars are
about 4 to 5 g/km, and the 1978 standard value for gasoline
passenger cars is 0.25 g/km.)
Practical use of technology capable of reducing
particulate matter emissions from diesel vehicles
to 10% of current levels (fiscal 1999 standard
value for vehicles weighing more than 2.5t is
0.25g/kWh (average value)).
Widespread use of high-efficiency processes for
treating refractory and hazardous materials using
biotechnology-based waste water processing
systems.
Development of a bioreactor system that can
improve an aquatic environment using
bacteria or animalcules that ingest/decompose
algae responsible for water blooms or red tides.
Widespread use of low-noise pavement in urban
areas in Japan to reduce motor vehicle noise.
Widespread use of technology to suppress or
prevent high or low frequency noise or vibrations
generated from urban infrastructures such as
dispersed power generation equipment, sewerage
and waste water pumping facilities, etc.
Widespread use of biodegradable plastics that can
be fully decomposed by microorganisms, as
material for containers and packaging with short
service lives.
Widespread use of waste-firing power generation
systems that use refuse derived fuel (RDF).
Widespread use of products based on LCA (life
cycle assessment) concepts that facilitate
recycling and reuse.
Elucidation of health disturbances caused by
long-term exposure to low concentrations of
endocrine-disrupting chemicals (so-called
environmental hormones).
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0 3 81 38 40 0 7 14 53 33 51 19 7 52 1 10 11 3 5
0 1 88 33 37 0 3 12 61 33 54 16 3 54 1 15 11 2 3
0 0 86 14 57 0 0 0 57 29 43 14 0 29 0 14 29 0 0
1 2 79 40 40 0 7 16 53 34 51 20 5 53 1 10 9 2 5
0 1 87 32 36 0 3 13 59 32 52 15 2 51 1 15 9 1 3
0 0 71 14 43 0 0 14 43 29 71 14 0 29 0 14 29 0 0
1 7 58 49 31 0 19 30 54 45 62 18 5 21 1 23 9 4 4
2 3 69 56 29 1 12 32 56 50 65 10 3 16 1 30 11 3 2
8 0 83 75 29 0 0 38 54 50 79 17 0 21 0 29 8 8 8
6 10 58 34 23 1 25 34 47 49 60 13 3 13 0 26 6 3 3
4 6 69 32 17 1 18 34 45 56 70 7 1 11 1 38 6 3 3
6 11 78 44 28 6 11 44 44 61 83 22 0 6 0 39 0 0 11
6 8 55 16 22 0 28 6 32 21 32 13 9 42 2 10 12 2 5
2 5 63 10 19 0 25 4 40 25 40 10 5 44 3 13 9 1 3
0 0 100 0 50 0 0 0 50 50 0 50 0 0 0 0 50 0 0
2 9 48 21 16 0 37 11 42 30 38 17 4 38 1 8 7 3 5
2 7 59 19 12 0 31 6 55 32 44 10 1 41 1 10 9 2 3
0 0 67 33 0 0 33 0 67 0 0 33 0 0 0 33 0 0 0
4 7 51 42 35 0 22 18 49 36 49 24 9 36 0 27 12 7 3
3 5 66 48 33 1 15 17 58 38 56 16 7 39 1 33 11 5 2
0 5 90 67 33 5 5 48 62 38 67 29 10 29 0 19 14 5 5
12 8 62 23 39 0 18 12 38 26 37 27 23 32 1 26 14 7 3
12 6 73 18 39 0 9 10 44 29 41 24 20 34 2 35 12 4 2
28 4 80 36 36 0 4 12 36 16 40 24 28 20 4 24 20 0 0
0 5 45 28 72 0 12 25 50 30 35 18 13 50 1 11 8 5 6
0 3 52 25 72 0 9 21 57 30 36 19 11 53 0 13 7 4 3
0 3 58 25 75 0 6 25 58 28 36 22 17 50 0 8 17 3 3
4 7 34 73 47 0 16 46 39 56 60 3 2 17 0 9 13 6 6
4 7 35 80 49 0 9 48 34 66 70 2 1 13 0 11 14 7 3
0 0 50 100 50 0 0 70 10 40 70 0 10 20 0 0 20 10 10
Leading countries (%)Forecasted realization time
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1 144 15 26 60 70 46 41 12 1 30 65 53 29
2 126 9 22 69 73 51 42 6 1 25 74 52 19
X 11 100 0 0 75 64 18 9 9 36 45 55 36
1 149 17 25 58 66 41 43 15 1 19 58 69 17
2 129 11 22 67 67 40 48 12 1 16 63 71 16
X 14 100 0 0 70 57 14 21 7 36 43 79 29
1 135 11 28 61 59 29 51 17 2 33 59 47 20
2 116 5 26 69 57 23 61 14 2 24 72 48 14
X 6 100 0 0 63 33 50 17 0 17 50 50 0
1 211 10 28 62 76 53 42 4 0 48 78 56 4
2 185 9 30 61 81 63 34 3 0 46 85 61 1
X 16 100 0 0 94 88 13 0 0 63 63 63 6
1 192 17 27 56 66 38 51 12 0 37 59 59 8
2 165 13 21 66 67 36 58 6 0 34 68 62 5
X 22 100 0 0 82 64 36 0 0 45 77 59 9
1 130 8 18 74 68 41 47 11 1 15 22 88 15
2 113 4 13 82 68 40 54 5 1 13 21 93 10
X 5 100 0 0 70 60 20 0 20 40 40 100 0
1 183 16 28 56 71 46 45 8 0 33 62 64 9
2 163 9 25 66 75 52 43 5 0 31 65 69 3
X 15 100 0 0 82 67 27 7 0 40 60 80 0
1 221 17 31 52 84 70 27 3 0 62 69 52 8
2 192 13 31 56 89 80 18 2 0 68 78 49 5
X 25 100 0 0 94 88 12 0 0 76 76 40 0
1 237 19 31 51 78 58 38 4 0 26 92 22 7
2 198 19 25 56 84 71 23 5 1 23 93 15 4
X 37 100 0 0 83 69 25 6 0 27 95 16 3
1 247 12 31 57 76 56 37 7 0 45 82 28 2
2 209 10 33 56 84 70 26 4 0 44 88 19 1
X 21 100 0 0 89 80 15 5 0 52 90 19 0
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40
Establishment of a technique to predict the fate of
newly discovered chemical substances through
the accumulation of knowledge on matters such
as the behavior of persistent chemical substances
in the environment.
Development of a bio-monitoring system
effective for almost all chemicals that are
considered to be endocrine disrupters.
Establishment of assessment and utilization
standards regarding the use in open space of
genetically engineered useful organisms for
environmental clean-up.
Widespread use up to at least 20% throughout the
world of low-polluting vehicles that do not cause
air or noise pollution for urban transportation
(e.g., electric vehicles).
Reduction of global carbon dioxide emissions to
20% below the 1990 level.
Introduction of an environmental tax in Japan
with the aim of preserving the global
environment.
Widespread use of methods for on-site
detoxification of soil over limited areas
contaminated with heavy metals or chemicals.
Large reduction of the number of allergy-
sufferers as a result of elucidation of the
relationship between environmental pollutants
and allergies.
Widespread use of technology for removing
POPs (persistent organic pollutants) such as
dioxin from soil and sediment.
Large reduction of the amount of buried industrial
waste as a result of advances in the reorganization
and integration of industrial technology aimed at
reducing waste emissions to zero.
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6 14 21 61 33 1 26 46 37 56 58 5 1 17 0 13 14 6 3
6 12 21 72 29 0 19 51 32 60 65 2 1 16 1 17 22 6 1
9 27 45 82 27 0 0 45 45 36 45 0 9 9 0 9 27 9 0
13 12 24 59 32 1 30 43 40 56 60 9 1 13 0 11 12 5 4
10 10 25 68 30 1 22 43 35 60 67 5 2 13 0 16 17 5 2
14 14 36 86 50 7 0 43 43 50 86 7 0 0 0 14 36 0 0
11 12 16 64 32 1 23 42 35 53 43 7 15 21 1 34 27 16 1
8 11 14 78 29 1 15 49 28 66 44 3 5 22 0 43 26 14 0
17 0 0 67 17 17 0 33 0 50 50 17 0 33 0 17 17 50 0
3 4 73 56 60 0 7 15 49 30 48 21 22 51 2 11 9 5 4
1 3 81 54 63 0 3 10 49 30 54 17 14 53 2 16 8 4 2
0 0 88 56 56 0 6 31 44 38 69 6 25 44 6 6 13 0 6
6 12 41 55 34 1 19 30 48 47 49 19 9 29 1 21 13 6 4
8 8 45 66 31 0 17 32 59 53 58 14 6 30 0 27 13 4 2
0 9 50 73 50 0 9 45 64 59 64 18 14 32 0 23 18 5 9
13 8 32 49 28 1 28 38 36 52 52 5 2 11 0 5 15 8 4
11 6 35 67 27 1 17 43 36 57 62 4 2 12 0 9 19 6 2
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11. Survey results in “Materials and Processes”
11.1. Trends in noteworthy domains
Materials and process technologies that began to move
In the sixth technology forecast survey, we identified four domains expected to draw attention in this
field:  1) Precision synthesis and structural control through manipulation of atoms and molecules; 2)
Incorporation of high-level computer science into materials and process designs; 3) Elucidation of
biofunctions and their incorporation  into the development of highly functional materials and processes; and
4) Development of materials and processes connected with global problems.
In these four years, great progress can be seen in the materials and processes field, and prospects for
particular research subjects are being presented.  This leads to a recognition that research in materials and
processes will become an important key to the science and technology of the 21st century in all advanced
fields, such as catalysts, production of chemical products, electronic information, biotechnology, the
environment, and resources & energy.
Symbolic progress in this field includes the discovery of superconducting macromolecules, and great
progress in the critical temperatures of metallic superconductors; and, new leaps forward comparable to the
discovery of the ceramic superconductor, are going to start.  In the field of catalysts, the quantum effect in
the mesoscopic region was discovered, and its particular utilization began to advance.  In the field of
macromolecules, the research on precision polymerization in Japan leads in the world.  Furthermore, silicon
semiconductor devices are approaching their limit, and new paradigmatic progress of nanoelectronics at the
level of molecules is likely to rapidly take place.
In February of last year, President Clinton proposed the National Nanotechnology Initiative, which was
approved by Congress and authorized as a most important issue in the 21st century, for the coming 20 years,
as we still remember.  Also in Japan, the Second Phase Master Plan of Science and Technology, worked out
by the Council for Science and Technology Policy, took up four fields, with nanotechnology & materials
added to life science, information & telecommunication, and the environment, as the priority fields of basic
technologies, and the particular schemes to be established for them will determine whether the efforts in the
respective fields will be successful.
On the other hand, in the field of biotechnology, analysis of the human genome has been completed,
and with the evolution into the post-genome age started, fierce competition is under way in genome
informatic engineering.  Furthermore, large movements have started in the culture of organs and the
realization of particular biological repair mechanisms using embryonic stem cells.  Biomolecules per se are
self-organized to form specific supramolecular structures.  With attention paid to this function, challenges of
synthesizing biomolecules and attempts to exhibit particular functions have started.  Furthermore, such
technologies as enzymatic synthesis of macromolecules, and in vitro protein synthesis, are cultivating a new
field.
Another topic in materials and processes is challenges toward resources & energy and environmental
problems.  For many problems concerning them, no definite solutions have been found since the oil crises.
It is predicted that petroleum will be exhausted by 2070, but no energy resource to substitute for it has yet
been found.  Even if a new principle is found, it takes long years before it can be industrialized.  So, it must
be said that the present situation is already very critical.  No drastic solution for environmental problems has
been found either.  On the other hand, the progress of computer science, and its incorporation into materials
and process designs, are also an important subject.
In view of the above prospects, we have presented the following four topics as noteworthy domains or
priority items.
(1) Precision synthesis, structural control and functional exhibitions through manipulation of atoms and
molecules
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(2) From Analyses of biofunctions  to molecular inforamatic engineering
(3) Energy and environmental materials and processes, and contribution towards the sustainable
 economic and industrial development
(4) Incorporation of high-level computer science into materials and process designs
11.1.1. Precision synthesis, structural control, and  function emergence through manipulation of atoms
and molecules
This subject was taken up as the highest priority topic of noteworthy domains also in the previous
survey, and it has advanced greatly in these several years, growing in degree of importance at a rapid pace.
 (1) Attention to nanotechnology
 As a matter highlighted in this field, nanotechnology has attracted attention.  In February 2000, U.S.
President Clinton sent a message to Congress and proposed the National Natotechnology Initiative, as the
highest priority topic of the 21st century, establishing a scheme to take initiative for the coming 20 years.  A
budget of 500 million dollars per year was administered to start specific efforts.  This is intended to develop
materials and processes at the nano level in a wide sphere covering electronics, material development, and
biotechnology.  However, in Japan, nanotechnology development had already been proposed in 1979, and as
comprehensive research of the Ministry of Education, the Nanba Project of “Nanometer Technology” was
initiated.  Furthermore, in 1985, as a creative science and technology promotion project of the Science and
Technology Agency, the “Yoshida Nano Structure Project” was started, as a five-year plan.  Already at that
time, the development of electronics devices at the molecular level using the quantum effect in the
mesoscopic region was planned, and the idea of molecule manipulation using a tunneling microscope was
going to be put into practice.
As already indicated in the previous survey, in Japan in 1987, the CHEMRAWN VI Conference of the
International Union of Pure and Applied Chemistry (IUPAC) was held in Tokyo, to discuss “Advanced
Materials for Innovations.”  The conclusion of the Future Actions Committee, as a compilation of the
discussion results, recognized that technological innovations toward the 21st century would develop based
on the evolution of novel materials, and that, in particular, structural control at the level of atoms and
molecules would be the core.  This judgment shrewdly foresaw the progress in the subsequent technological
innovations, and today we can reconfirm the adequacy of the conclusion.
In the U.S. nanotechnology project, a catch line: that precision control of metals at the nano level could
increase the strength of iron tenfold, and therefore that a large economic effect could be expected, drew
attention.  Also in Japan, the Super Iron and Steel Development Project STX-21 was inaugurated, intended
to develop iron and steel materials double in strength and life, at an earlier stage.  On the other hand, for
macromolecules, in 1980, Smith and Lemstra of the Netherlands, could achieve precision control to obtain
products with an extended chain structure in gel-spun polyethylene, and the tensile strength of polyethylene
could be enhanced 200 times.  In Japan, the Agency of Industrial Science and Technology, Ministry of
International Trade and Industry, started the Precision Polymerization Project in 1996, for the first time in
the world and the Project has developed a process for precision control at the level of molecules.  It is a
pleasure that almost all the results in this field come from studies by Japanese.  It had been predicted that, if
structural precision control of a conjugated macromolecule could be achieved, a macromolecular
superconductor could be obtained, and this prediction became real very quickly.  This was achieved with
polythiophene greatly improved in the regularity of bonds, and made us reconfirm the importance of
structural control.  The conventional precision polymerization has yielded results with emphasis placed on
the control of active ends, but henceforth efforts will be made to enhance the precision of an entire system
further, including self-organization, conformation control, etc.
On the other hand, since a metal is usually a polycrystalline substance, the crystalline interfaces greatly
affect the material properties.  Methods examined so far for solving the problem include the transformation
into single crystals, transformation into amorphous materials, transformation into microcrystals, etc.
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Recently it was found that, when a hetero structure was introduced into a metal on the nano scale, excellent
magnetic properties and mechanical properties that could not be obtained with a bulky metal, could be
obtained.  Nanocrystalline soft magnetic materials, nanocomposite magnets, nano-controlled super-strength
aluminum alloys, and others are progressively being studied.
A ceramic is used as an aggregate of fine particles, and if the particle size is controlled at the nano level,
superplasticity will be able to be exhibited, to show large ductility and to allow precision processing.  The
development of functional ceramics is also expected.  In the nanoglass project, since the binding energy is
close to the femtosecond vibration energy in an amorphous material, only the portion irradiated with a
femtosecond laser can be processed, to allow development as optical circuits and microcrystal precipitation
processes.  A glass optical switch functioning in femtoseconds is being developed, and its realization is
expected to advance into development of materials used in optical computers and optical information
processing systems.
Furthermore, sol-gel processes have advanced to allow the production of hybrid materials at the level
of molecules and atoms.  The development of novel materials through hybridization at the nano level is
advancing, and hybridization is expected to produce a device, called a nanomolecular functional device,
capable of exhibiting the functions of molecules per se.  It is a functional device, to be called a material
device, that contains a series of functional processes ranging from input to output in the material per se.
There is a further possibility of developing a nanofunctional device having biofunctions incorporated bio-
inspiredly.
(2) Meso-space quantum effects and nanocatalysts
On the other hand, the field of catalysts also showed much progress.  The excellent catalytic
performance of a porous zeolite is well known.  Recently a technique that allows its pore size to be
intentionally controlled, has evolved to a level enabling synthesis of a mesoporous structure, such as
mesoporous silica, with the pore size controlled at a specific size of 2 to 50 nm.  The porous materials are
unique, because it has unprecedentedly regular pores and those having  pore size of several nanometers
exhibit quantum effect, showing outstanding performance that could not be imagined from conventional
catalysts.  For example, it draws attention not only that the band gap changes at a specific size to enhance the
activity, but also that the reaction field in  the mesospace effectively exhibits specific stereoselectivity and
ligand effect.  Recently, M. Iwamoto et al., and other researchers, have begun to obtain many interesting
results.  Further, T. Aida polymerized ethylene using mesoporous silica with a metallocene catalyst and
succeeded in directly and selectively obtaining polyethylene with an extended chain structure.  It is
presumed that the mesospace-controlled catalysts will rapidly develop and could replace many conventional
catalysts for chemical plants in the near future .
Quantum effects can be seen also in the case of metals per se, e.g., melting points of metals are reduced
in a nano size.  Since particles with nano size have very large surface areas, even this effect alone will
contribute to improved catalyst efficiency, and further quantum effects are expected to provide more
enhanced activities.
(3) Molecular design for self-organization and exhibition of function
To realize structural control at the nano level, the molecular design and the method of constructing
stereostructure come into question.  At the nano level, since the conventional method of assembling parts to
make a device does not work, the material per se must contain a series of assembling function ranging from
input to output,  to be called a material device.  It must be a more evolved material than the conventional
intelligent materials and functional systems.  As a technology essential for such materials, a function of
self-organization is required.  A biomacromolecule has self-organizing capability in its molecular structure,
to spontaneously form a specific stereostructure , and to constitute a functional structure, such as an enzyme
having a specific region.  It was thought difficult to artificially realize such a function, but recently the
possibility of realizing self-organization is going to turn into reality. Already many studies are under way.   K.
Kataoka found that polyion complex of a polyethylene glycol block copolymer with mono-dispersed
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molecular weight was self-organized into nanomicelles with an uniform particle size.  It was found that the
particle size was about as small as that of a virus, and that the nanomicelles were effective as a target attack
DDS(Drug Delivery System) loaded with a drug, such as an anticancer drug, and having anti-thrombigenic
nature.  In general, a supramolecules are self-organized by means of hydrogen bonds, coordinate bonds, van
der Waals force, and the like. T. Aida found that dendrimers of various core groups had a capability to
self-organize, and also found a phenomenon that a structure in the nano scale is hierarchically self-organized.
Furthermore, it was found that a dendrimer having an optically functional core was self-organized and
symmetrically closed space aggregates having excitation energy spread in the molecule as a whole, and it
could exhibit an optical function with a high quantum yield.  It is considered that many studies will be
effectively carried out utilizing such a self-organizing performance in the near future.
The self-organization technology in materials leads also to the self-repairing functions, and the
technology is considered to be able to evolve as an important function of structural materials in the future.
 (4) Nanoelectronics
Silicon semiconductor devices will face a physical limit in the near future, and they cannot be expected
to further develop.  As such, considerable challenges to the next novel paradigm are being made.  Devices
called single-electron devices, and molecular devices, have advanced significantly toward realization.  Such
devices are expected to have sizes corresponding to one-thousandth of a semiconductor device, and to be
functionally improved.  Also the U.S. National Nanotechnology Initiative acknowledges such devices as
being a major field to be studied.  In 1974, Aviram and Ratner presented the idea of a molecular device, and
showed the possibility of transistors at the molecular level, and more than 20 years have passed since then.
A scanning tunneling microscope was developed in 1982, and an atomic force microscope in 1986.
Subsequently it became possible to actually manipulate molecules and atoms, and particular studies on
molecular devices have evolved.  The proposal of the molecular device MOSES, by Y. Wada, and the
prediction of a conductivity theory in single molecule by Ratner, were followed by the development of a
nanotube transistor by Dekker in 1999, and the development of a monomolecular light-emitting device by
Wada, in 2000 and  the molecular devices are driven into the final phase for practical use.  On the other hand,
in 1986, Likharev published the idea of a single-electron transistor to attract attention, and in 1989, the
Coulomb Blockade phenomenon was observed, making the possibility of single-electron devices real.  In
1993, Nakazato, Hitachi Ltd., experimentally prepared a single-electron RAM, and manufactured a logic
gate in 1995.  In 1996, Yano, Hitachi Ltd., experimentally constructed  a 128Mbit memory.  It can be said
that single-electron devices have at last reached the development stage for practical use.
(5) Nanoprocessing and evaluation
In the processes for manufacturing and synthesizing materials at the nano level, methods of verification
and evaluation at the nano level must be established and product processing techniques at the nano level are
required.  The breakthrough for development of particular molecular devices was largely the result of
invention of the scanning tunneling microscope and the atomic force microscope.  Furthermore, the
development of femtosecond technology has remarkably promoted optical transmission technology, and in
addition, it allows the processes of chemical reactions to be traced in situ.  Processing and evaluation
techniques of this kind at the nano level are expected to play a significant role in development at the level of
molecules and atoms.
11.1.2. From analyses of biofunctions to molecular informatic engineering
It may well be said that the 21st century will be the age of rapid progress and evolution of
nanotechnology and biotechnology.  Also in the field of biotechnology, attention has been focused on
development at the level of molecules and atoms, and with decoding of the human genome completed, we
are in the post-genome age.  Further, research on embryonic stem cells has advanced greatly and entered a
new age.  Progress has also been made in the field of biosynthesis, and mechanisms of organisms can be
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highly reproduced and are being developed, particularly as means for novel synthetic processes and
molecule construction.  The field of biotechnology is passing the elucidation of biofunctions and focusing
on bioinformatics, the information networks in cells are being bio-inspiredly incorporated for advance into
molecular infonmatic engineering in a broad sense. That is, the elucidation of biofunctions will directly lead
not only to the development of functions and devices of organisms　but also to advance beyond the field of
biotechnology, to many-faceted evolutions and applications, such as the development of a DNA computer.
(1) Advance of genome engineering
Genome analysis advanced rapidly in 2000 and the whole figure could be identified.  As such, it is
considered that we have reached a Copernican revolution.  Henceforth, with the analysis completed, genome
engineering is rushing toward applications for practical use, i.e. the post-genome age.  In the post-sequence
age, at first, proteomics will greatly advance to elucidate the structures and functions of proteins, using
genome information to the maximum extent.  What proteins act on and how, in infectious diseases, will be
identified.  Precise diagnoses and treatments of Alzheimer’s disease and various hereditary diseases will
advance.  Since the number of genes involved in diseases is about 10,000, it is considered that the
exploration will proceed relatively smoothly.  In particular, DNA chips will play an important role.  For
example, the causes of cancer will be able to be identified, and persons for whom an anticancer drug works
will be able to be distinguished, in diagnosis, from persons for whom it does not work.  Protein biochips will
be more important technology than DNA chips.  Since proteins rather than DNA directly relate to the
functions of cells, causes of diseases will be able to be identified directly in reference to proteins.  A novel
drug, covering all the drug-acting regions of a specific patient, will be able to be developed.  It is considered
that reliably effective drugs based on the structures of proteins will be able to be developed from genome
information.  An important topic in the post-sequence age is the determination of fold structures as the
functional structures of protein domains, and, the correlativity between the stereostructures and activities of
proteins will be elucidated, driving progress of structural genome science.  It is also considered that the
mechanism of aging will be clarified and elucidation of the DNA repair mechanism will advance.
Molecular evolutionary engineering is advancing.  Since the evolution of organisms occurs with
changes in the sequences of DNA, the mechanism will be used to selectively produce the proteins exhibiting
the intended functions.  m-RNAs having genes transcribed are read at ribosomes and unfolded in a
condensation system of amino acids.  Based on this mechanism, a mechanism for repeating cycles for
evolution will be made by means of in vitro protein synthesis.  It is expected that methodology of
combinatorial chemistry will be evolved in an expanded mode.  It is also expected that the phage display
method, the ribosome method, and the like, developed by means of peptide library technology, will be tried,
leading to the development of naturally non-existing proteins and useful drugs.
(2) New evolution of bioengineering – reproduction engineering and cell and tissue engineering
In 1981, the existence of embryonic stem cells (ES cells) was confirmed, and they drew attention as
universal cells from which all organs and tissues of organisms could be produced.  In 1997, the Roslin
Institute cloned Dolly, the sheep, by transplanting the nucleus of a sheep somatic cell, creating a sensation.
In 1998, human ES cells were found and they were successfully cultured, making it technologically possible
to really produce and repair tissues and cells, to take an initial step for materialization.  Cerebral nerve stem
cells can now be grown, to pave the way for possible therapies for cerebral nerve diseases.  The stem cells of
skins and bone marrow, even though they are not ES cells, can also be cultured and grown.  Under these
circumstances, a process of regenerative therapy has been developed.  Culturing a new tissue requires three
techniques:  nuclear transplanting, stem cell culture, and immortalization of cells.  A nucleus of a patient is
transplanted into the nucleus of a human pluripotent stem cell, to eliminate rejection, and cell re-
programming for transplanting is used for differentiation into a specific cell.  The cell is proliferated, and a
gene for producing a telomerase enzyme is incorporated into it to create the immortal function.  If this
process is completed, tissues and organs of organisms can be regenerated.  Telomea is the essence of aging,
and its disorder is closely related to the occurrence of cancer.  The mechanism in which DNA damage is
repaired is being gradually clarified and there is a prospect that the aging of the brain could be elucidated.
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This field will provide one of the most important topics in the 21st century, without doubt.
With the progress in genome engineering and cell and tissue engineering, progress in various assays,
diagnostic systems, and therapeutic systems is also highly expected in this field.  With the progress of
nanotechnology, the conventional medical systems have evolved to the level of cell sizes.  Nanoscale assays,
for accurate diagnosis using very slight amounts of samples, and target therapies using nanomachines, will
advance.  Kataoka’s success in the anticancer drug DDS is based on the finding, as described before, that a
polyion complex of polyethylene glycol (PEG) block copolymer having monodispersed molecular weight is
self-organized to form nanomicelles of virus size, as an anti-thrombogenic anticancer drug carrier.
Abchowsky’s discovery that attaching PEG results in biological inactivity, and Maeda’s discovery
concerning the concentration effect of macromolecular materials into cancer cells (EPR effect), have been
combined for systematization, to produce a new DDS system.  The clinical trials are going to start.
(3) Biomolecular engineering
Research to elucidate the subtle functions of biomolecules, and to construct synthetic methods,
materials, and systems having the functions integrated, is moving greatly.  Especially noteworthy is the
research on self-organization and nanomolecule construction.  The conventional biotechnology has been in
vivo synthetic systems using living organs like colon bacillus.  However, if a protein can be artificially
produced in vitro, or a specific supramolecular structure can be produced, it will provide a great
breakthrough.  Such a possibility is concretely evolving.
For example, Kimizuka, Kunitake, et al., have clarified that a system in which hydrophobic groups,
hydrophilic groups, and aromatic chromophoric groups are introduced into melamine and cyanuric acid, can
form a complementary hydrogen-bond network in water or organic solvent, and that it can be hierarchically
self-organized to form a mesoscopic supramolecule.  M. Aizawa developed an engineering method in which
the conformation of a protein is controlled by means of self-organization to use the protein in vitro.  In the
future, in vitro protein synthesis will be an important technology of the next generation.
S. Kobayashi succeeded in synthesiing cellulose using cellulase in 1990, for the first time, drawing the
attention of the world, and thereafter performed in vitro enzymatic polymerization using various enzymes.
This field has cultivated a new route for the synthesis of macromolecules, which had been difficult, and it
suggests getting rid of the conventional regime depending on petrochemistry, in the situation of aggravating
environmental problems, and it also suggests a new direction in the synthesis of macromolecules.
11.1.3. Energy & environmental materials and processes, and contribution towards sustainable
economic and industrial development
In past technology forecast surveys, the number of topics tinted with policy proposals was not so many.
In view of the recent situation, when global environmental issues have become serious, the global
environmental problems have been compiled to intentionally set questions to highlight the problems.
(1) Renewable energy resources
While the global population keeps increasing, the increase in the consumption of energy and resources
in developing countries is accelerated, necessitating the earlier development of renewable new energy
resources.  It is estimated that oil will be exhausted by about 2070, and it is considered to be a fatal issue that
there is no prospect as a sufficient alternative energy source to be substituted.  What is the most important
energy resource to substitute for oil?  Can the conversion of solar energy be a substitute?  What about
biomass resource?  For the time being, we have to use nuclear power generation as a stopgap, but the
disposal of radioactive waste remains a hitch, while the fear of safety cannot be wiped away.  As a reactor
free from meltdown, as a substitute for current reactors, it is necessary to reconsider, for example, a thorium
molten salt breeder and to examine its feasibility.  At any rate, efforts must be made to construct a new
energy metabolic system that does not deteriorate the global environment.  The most effective method is to
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construct a hydrogen energy society.  For the time being, fuel cell systems will be used, but for the long run,
it is considered that hydrogen generation systems, and photosynthesis systems using the sunlight as the
energy source, will the core of the hydrogen supply regime.  However, the preparedness for development is
very premature.  If the system to acquire and using energy changes, the transport, storage, and infrastructure
will change, requiring drastic measures.  The realization of an energy structure based on hydrogen should be
one of the highest priority topics.
(2) Approach to the global environment system
The second problem to be highlighted is global environmental issues.  How should we solve the green-
house effect problem by carbon dioxide?  We must present a method and system for it.  The iron
manufacturing industry consumes much coal and generates a large quantity of carbon dioxide.  If
inexpensive hydrogen energy is abundantly available, the carbon used in the reduction process can be
substituted by hydrogen, to decrease carbon dioxide, and a large-scale hydrogenous iron production process
will be feasible.  Also in the chemical industry, the existing production processes are never the shortest
processes and contain much room for rationalization.  In the sense of minimizing the environmental load,
and in the sense of pursuing economic efficiency, the shortest chemical processes and non-petrochemical
processes are important, but the problem is not so highly concerned.  Especially the chemical industry,
heavily relying on oil as a resource, must grapple with the problem of non-oil raw materials more seriously.
In addition, the development of biodegradable plastics is also important.  The recycling business is the issue
of an economically negative value-added in view of entropy since materials thrown away hitherto must be
recovered using energy.  However, since we must be oriented toward sustainable economic development, we
must ascertain the limit to which the recycling processes can be incorporated in the economic mechanism.
On the other hand, regarding the food supply problem, since the population keeps growing, though there is
no room to expand the arable land on the earth, it is urgently necessary to establish artificial food production
systems and  this must be the issue of chemical industry. Alternatively,  protein-synthesizing process using
microbes and sunlight is an important topic.
(3) Process revolution
On the other hand, as a recent process revolution, a screening system having a high throughput in a very
small space, and combinatorial chemistry, draw attention.  In the beginning, they were developed as
techniques for synthesizing peptides, but since about 1993, they have been developed as drug-discovery
systems.  At present, they are widely used for developing ceramics and other combinatorial materials, and
for screening various materials, such as ceramic superconductors, catalysts, and liquid crystals.  They were
also used to screen the above-mentioned molecular evolution systems.  Moreover, the computerization and
robotization of laboratories are developing at a rapid pace, and efficient chemical research systems, and
automatic synthesis mini-laboratories and mini-factories, suitable for the information age, are progressively
replacing conventional laboratories.
(4) Development of supermaterials and ultimate materials
Supermaterials and ultimate materials are a topic to be discussed preferentially in relation to problems
of energy and the environment.  If materials improve in performance, they are consumed less and can be
used for longer periods of time, for great contribution to the environmental problem.  Furthermore,
functional materials, like superconductors, can produce highly efficient novel systems and are especially
important, since they can fundamentally solve the energy problem.
Since the discovery of a ceramic superconductor in 1986, expectation superconductors with higher
critical temperature had built up, but many problems linger to confront their practical use.  In this situation,
in 2000, Akimitsu, Aoyama Gakuin University discovered a magnesium diboride superconductor, and
attracted the attention of the world, since the critical temperature was as high as 39 K, which could not be
estimated from the conventional knowledge of metal superconductors. Since the possibility of a higher-
temperature superconductor made of an easily workable metal became suddenly high, a second boom is
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going to prevail.  In addition, at the end of 2000, Bell Laboratories discovered a macromolecular
superconductor, to further accelerate the boom.  It is a poly(3-alkyl-thiophene) and was achieved with
doping by means of high pressure ion implantation to produce a material of FET device.  The
superconduction occurred under specific conditions, but gave great hope for exploring a superconductor
using a conjugated macromolecule.  Also  it was thought that a conjugated macromolecule could provide a
high-temperature superconductor and it was expected that, if precision polymerization could be carried out
sufficiently, a processable plastic superconductor could be obtained.  In the latest technology forecast survey,
it was forecasted that a processable plastic superconductor could be realized in 2017.  This is similar to the
forecast for a superconductor in the fourth technology forecast survey in 1986 and the ceramic
superconductor was realized far before the forecasted realization time. By the way, how we can realize
highly reliable materials has been a concern for long years.  Furthermore, how we can detect defects non-
destructively is a large problem and no satisfactory method has been found.  Moreover, in the research at the
nano level and the mesoscopic level, a slight deviation that does not matter in the conventional technology
becomes a fatal problem and technology to accurately execute it is absolutely necessary.
11.1.4. Incorporation of high-level computer science into materials and process designs
This topic was taken up in the past two surveys and an approach of this kind becomes more important
since computers having higher performance are recently offered at a rapid pace.
To efficiently promote research at the nano level and mesoscopic level, computer simulations play an
important role.  In the development of semiconductor devices and nanoelectronics, it is important to identify
the behaviors and functional characteristics of atoms and molecules in reference to electron states by means
of ab initio computation, and to determine stable structures of atomic groups and molecular groups, and
furthermore to identify their electronic characteristics.  Moreover, molecular dynamics simulations, the
Monte Carlo method, and the like allow understanding of the behaviors of atoms and molecules in such
dynamic phenomena as crystal growth and chemical reactions.  Since nano-level particles are limited in
number of atoms, and large in the rate of atoms exposed on the surface, computer processing allows
situation judgment, to a large extent.  As such, the importance of computer simulations has been increased.
Moreover, since observation in femtoseconds will become possible, reaction active ends will be able to be
analyzed in real time and computer simulations are expected to be more precisely realized.
The technique of computer simulations is not specialized simply in electronics or material development.
The amazing speed in the genome analysis by Cerela Genomics, in the field of biotechnology, is the result
obtained by the most use of supercomputers.  In the field of biotechnology in the future, it is considered that
more simulations will advance effectively.  Computer simulation science concerning organism metabolisms
and energy metabolisms is already in progress. For example, a metabolic system, artificially reconstructed to
incorporate the function of a saccharometabolic enzyme, can be used to examine what products can be
obtained under various conditions.  A metabolic pathway will be able to be artificially modified to newly
construct a process for producing a material.  Furthermore, an industrial microbe will be able to produce  by
minimizing a genome to allow development of a system for producing a novel chemical substance.  A
screening method, to be called combinatorial biosynthesis, will also be studied.  Further, the entire image of
a vital phenomenon could be reproduced on a computer.
Noteworthy domains in the materials and processes field have been compiled.  The importance of
materials has risen from many aspects and we have a stronger feeling that materials will form the core of
high technologies in the future.  Processes include those required to respond by presenting solutions to the
global issues confronting us, rather than those related to progress in technological innovations, and we feel
that we have a large number of problems that can never be solved by the presently available technologies
alone.  The technology forecast in the future should have a deeper tint of policy proposals.
(Masaaki Hirooka)
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11.2. Topic framework
When examining  topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating objective. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the topics.
Topic Framework for Materials and processes field
Domain
Objective
Biological
materials
Organic
materials &
macro-
molecules
Inorganic &
ceramic
materials
Metals &
 super-
conductors
Semi-
conductors &
electronic
materials
Composite
materials &
systems
High
performance
014 015 039 040 041
042
059 060 061 072 073 074 097 098
Functionality
001 002 003
004 005 006
007
016 017 018
020 021
043 044 045
046
062 063 075 076 077
078 079 080
081 082 083
099
Nano-level
control
008 022 023 024
025
047 048 064 065 066 084 085 086
087 088 089
090
100 101 102
Chemical
processes
026 027 028
029 030 031
049 050 067 091 092 093
094
103
Global
problems,
environment,
resources,
energy
009 010 011
012
032 033 034
035 036
051 052 053 068 069
simulations /
analysis &
processing
013 037 038 054 055 056
057 058
070 071 095 096
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11.3. Topics with high degree of importance
The responses of the respondents (excluding the respondents of professional degree “Zero”) on the
degree of importance for Japan were as follows.  The degree of importance index for the field of materials
and processes as a whole was 62.7.  The topics especially high in the evaluated degree of importance for
Japan (top 20 topics high in the degree of importance index) were as shown in the table below.  The topics
evaluated highest in the degree of importance concerned the genome, and topics concerning the
environment & energy are ranked relatively high.
Table 3.11-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
099:Practical use of systems for the genetic diagnosis and treatment of cancer
and incurable diseases based on genome analysis. 90 2014
076:Practical use of large-area amorphous silicon solar cells with a conversion
efficiency of more than 20%. 89 2016
075:Practical use of multi-layer solar cells with a conversion efficiency of
more than 50%. 89 2019
062:Development of superconductors with a transition point at room
temperature or higher. 87 2022
052:Practical use of carbon dioxide fixation technology necessary for
protecting the global environment. 85 2019
053:Practical use of hydrogen production processes for water decomposition
by sunlight. 85 2019
086:Development of three-dimensional cumulative processing technology of
nanometer scale. 85 2016
085:Practical use of memory chips with a capacity of 1 terabit. 84 2016
035:Widespread use of  recycling systems for general-purpose plastics,
allowing recycled goods to account for at least 30% of total production. 84 2015
033:Widespread use of polymer synthesizing processes that use renewable
resources instead of conventional petrochemical processes. 83 2019
003:Widespread use of signal-responsive missile drugs capable of efficiently
reaching targeted parts such as tumor cells. 82 2013
051:Practical use of low-temperature catalytic processes for producing
hydrogen directly from methane. 80 2015
088:Practical use of single electron memory elements. 79 2020
089:Development of devices that utilize switching functions of a single
molecule/atom. 79 2018
019:Practical use of rechargeable polymer batteries having a volume-specific
capacity of 500 Wh/liter. (Capacity of current Ni-Cd batteries: 250
Wh/liter).
78 2013
036:Practical use of industrial methane hydrate mining technology. 78 2019
063:Widespread use of superconductive material with a working temperature
equal to liquid nitrogen (77 K) or higher. 76 2016
004:Practical use of technologies for utilizing cultured tissue from stem cells
or ES cells as material for artificial organs or tissue. 75 2016
034:Development of synthesizing plastics directly from CO2 and water using
light as the energy source. 75 2022
073:Practical use of insulating material for VLSI with a permittivity of 1.3 or
less. 73 2012
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11.4. Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.
In comparing the distribution of forecasted realization times of all the topics, and the distribution of
forecasted realization times of the materials and processes field, the peaks of responses on the forecasted
realization times for the topics of the materials and processes field are spread in a range from 2011 to 2020,
unlike the trends of all the topics in which more than 50% of responses are spread in a range between 2011 to
2015.
Figure3.11-1   Forecasted realization times
11.5. Current leading countries
The responses to the question concerning current leading countries, etc., were as shown in the diagram
below.  Named by 65% of the respondents, the U.S. ranked No. 1 in the materials and processes field, as a
whole, followed by Japan (59%), and the EU, ranking No. 3, was about one-fourth of the U.S.
 Figure 3.11-2   Current leading countries (%)
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11.6. Comparison with the 6th Survey (previous survey)
Of the 103 topics included in the latest survey, 25 (24%) were identical to those of the previous survey,
38 (37%) were modified, and 40 (39%) were newly introduced.  For identical topics, the results of the latest
survey were compared with those of the previous survey in terms of degree of importance index scores and
forecasted realization times, as shown in the table below.
Degree of importance index scores rose for 14 topics, fell for 9 topics, and remained the same for 2
topics.  Later realization times were forecasted for all the topics, except one.
Table 3.11-2   Comparison with 6th survey for identical topics
Topic
Importance index /
 Forecasted realization time
7th survey 6th survey
003:Widespread use of signal-responsive missile drugs capable of
efficiently reaching targeted parts such as tumor cells. 82 / 2013 81 / 2011
010:Biomasses will exceed 10% of chemical feedstock. 64 / 2017 58 / 2016
014:Development of heat-resistant polymer capable of continuous use at
temperatures of up to 450°C. 61 / 2013 60 / 2009
015:Development of polymeric fiber with a tear resistance of 40% of the
theoretical value and a modulus of 90% of the theoretical value (the
theoretical values are assumed to be 20 GPa for resistance and 250 GPa in
modulus of elasticity).
61 / 2015 57 / 2011
016:Development of organic ferromagnetic materials. 47 / 2015 48 / 2013
017:Practical use of polymer materials with electrical conductivity and
environment resistance equal to copper at room temperature. 63 / 2018 58 / 2015
018:Practical use of polymer ferroelectrics whose piezoelectric constant is
as high as PZT. 52 / 2017 47 / 2012
021:Development of conjugated polymer superconducting materials. 61 / 2017 53 / 2015
023:Development of technology that can freely control the tacticity of
polyvinyl chloride and polyvinyl acetate. 50 / 2014 50 / 2010
041:Practical use of a technique producing cBN (cubic boron nitride) tools
using vapour deposition coating. 49 / 2012 48 / 2008
050:Widespread use of technology to directly synthesize hydrogen peroxide
from hydrogen and oxygen. 48 / 2016 50 / 2016
052:Practical use of carbon dioxide fixation technology necessary for
protecting the global environment. 85 / 2019 84 / 2016
055:Practical use of computer-aided material design methods for solid
catalysts with required composition, organization, and physical
properties.
54 / 2017 52 / 2013
056:Development of computer simulation technology enabling the precise
prediction of structures and physical properties in an isothermal
equilibrium state when element compositions are given in multi-element
materials.
49 / 2018 55 / 2014
059:Widespread use of super-heat-resistant intermetallic compounds for
mechanical components such as aircraft, engines, turbines and  etc. 55 / 2016 61 / 2012
071:Development of examination technologies, which enable in-situ
estimation of remaining life of metallic materials, structures, and
components depending on service conditions, by non-destructive
inspection for fatigue.
64 / 2017 65 / 2010
075:Practical use of multi-layer solar cells with a conversion efficiency of
more than 50%. 89 / 2019 91 / 2016
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Topic
Importance index /
 Forecasted realization time
7th survey 6th survey
076:Practical use of large-area amorphous silicon solar cells with a
conversion efficiency of more than 20%. 89 / 2016 91 / 2011
078:Development of high performance switching elements made of
nonlinear optical material of the third order. 57 / 2014 63 / 2010
079:Practical use of semiconductor UV lasers. 61 / 2015 66 / 2010
082:Development of elements (memory, magnetic heads, etc.) which utilize
colossal magnetic resistance effect (variance of 1010 or more). 56 / 2016 53 / 2010
083:Practical use of quantum-effect electron wave interference devices. 51 / 2018 50 / 2013
091:Development of a technique for manufacturing of diamond p-n
junctions. 56 / 2012 53 / 2010
097:Practical use of carbon fiber reinforced carbon composite material that
is oxidation-resistant. 56 / 2015 55 / 2010
100:Practical use of functionally gradient materials that have undergone
successive transformation from metallic to ceramic properties. 56 / 2014 56 / 2011
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11.7. Table of survey results
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1 152 13 33 55 46 10 55 35 0 15 3 90 13
2 131 10 31 60 45 5 66 28 1 9 2 91 9
X 13 100 0 0 56 15 77 8 0 8 8 92 23
1 148 19 26 55 63 30 60 10 0 20 3 91 7
2 128 12 26 63 59 22 69 9 0 16 2 94 5
X 15 100 0 0 80 60 40 0 0 53 0 87 13
1 157 15 34 51 77 57 38 5 1 22 5 91 10
2 137 11 31 58 82 67 28 5 0 15 4 95 6
X 15 100 0 0 97 93 7 0 0 33 0 100 20
1 117 21 22 57 76 57 34 9 0 23 9 87 15
2 103 14 18 68 75 54 38 8 0 20 5 91 7
X 14 100 0 0 96 93 7 0 0 57 0 93 29
1 123 15 24 61 67 45 35 18 2 59 30 41 20
2 106 8 20 72 68 42 48 10 0 68 29 31 13
X 9 100 0 0 86 78 11 11 0 78 22 22 0
1 146 14 27 60 62 36 41 18 4 64 9 16 45
2 126 8 24 68 61 33 47 17 2 71 4 10 44
X 10 100 0 0 80 70 10 20 0 90 0 0 20
1 128 11 22 67 55 27 46 23 4 59 8 13 48
2 111 4 23 74 54 19 60 20 1 68 5 8 49
X 4 100 0 0 63 50 0 50 0 25 0 0 50
1 104 17 28 55 60 29 54 16 1 51 22 30 33
2 92 12 23 65 59 25 62 12 1 50 16 28 30
X 11 100 0 0 64 36 55 0 9 73 18 18 18
1 148 11 26 63 67 39 50 11 0 31 72 39 3
2 137 7 21 72 66 35 59 7 0 20 83 27 1
X 10 100 0 0 88 80 10 10 0 10 100 0 10
1 160 12 29 59 66 39 47 15 0 43 83 16 6
2 139 9 27 65 64 33 58 9 0 36 85 8 5
X 12 100 0 0 79 58 42 0 0 25 92 0 0
D
iv
is
io
n
Ex
pa
ns
io
n 
of
 in
te
lle
ct
ua
l r
es
ou
rc
es
Pe
op
le
's 
ne
ed
s
Expected effect (%)
So
ci
oe
co
no
m
ic
 d
ev
el
op
m
en
t
R
es
ol
ut
io
n 
of
 g
lo
ba
l p
ro
bl
em
s
10
B
io
lo
gi
ca
l m
at
er
ia
ls
8
9
6
7
5
4
1
2
Importance (index, %)
3
Q
ue
st
io
nn
ai
re
 ro
un
d
N
um
be
r o
f r
es
po
nd
en
ts
Degree of
expertise (%)
To
pi
c 
se
ria
l N
o.
Development of stimuli-responsive synthetic
material that can be used as artificial muscle.
Widespread use of hybrid artificial organs in
which cells are immobilized on materials such as
polymers.
Widespread use of signal-responsive missile
drugs capable of efficiently reaching targeted
parts such as tumor cells.
Topic
Practical use of technologies for utilizing cultured
tissue from stem cells or ES cells as material for
artificial organs or tissue.
Application of genome science for the
development of industrial microorganisms with
the minimum genes necessary for producing
chemical products.
Development of computers using protein and
DNA molecules as elements.
Development of biocomputers that use cultured
nerve cell networks.
Development of methods for synthesizing
proteins of any structure by in vitro  sequence
control that does not use mRNA or tRNA.
Widespread use of garbage disposal systems that
use high-temperature methane fermentation
technology.
Biomasses will exceed 10% of chemical
feedstock.
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4 7 43 51 8 0 29 29 34 38 32 11 7 1 1 2 18 22 2
3 5 47 58 5 0 26 30 37 49 31 8 5 2 1 2 23 24 1
0 8 92 46 8 0 0 23 31 46 46 23 8 0 0 0 0 31 0
2 3 36 64 11 0 20 27 45 39 39 13 17 3 1 1 26 38 2
2 2 37 71 8 0 16 24 57 47 38 10 14 2 1 2 27 41 1
0 0 60 80 13 0 0 53 67 53 53 40 20 0 0 0 27 53 0
0 5 44 72 22 0 15 30 45 36 52 15 16 3 0 1 32 13 2
0 5 47 78 17 0 12 32 53 41 55 10 11 1 0 1 39 12 1
0 0 73 80 33 0 0 60 53 40 67 27 7 0 0 7 20 13 0
2 5 27 84 18 0 11 39 38 47 49 15 23 4 0 3 29 49 1
1 4 24 91 12 0 7 47 38 54 57 12 17 4 0 1 23 59 0
0 0 36 100 7 0 0 79 50 64 64 50 14 7 0 0 29 71 0
7 5 25 71 20 0 17 42 39 43 43 7 15 7 1 36 38 26 1
4 2 22 79 11 0 12 53 39 52 43 5 16 5 1 38 40 24 0
0 0 67 89 11 0 0 56 56 67 56 0 11 0 0 11 22 0 0
20 9 21 74 10 0 16 47 36 47 42 5 3 0 1 3 14 14 3
17 6 13 77 6 0 13 47 37 58 44 4 2 0 1 4 19 17 2
20 0 10 70 10 0 0 30 40 70 40 0 0 0 0 10 10 10 0
14 13 23 70 11 0 20 46 29 45 40 6 5 0 2 2 13 20 3
13 8 18 83 8 0 14 50 24 58 45 5 4 0 1 1 14 23 2
50 0 25 75 0 0 0 25 0 50 25 0 0 0 0 0 25 25 0
3 6 32 69 19 0 18 40 27 50 38 10 6 2 0 13 26 16 2
1 2 26 79 7 0 15 51 17 61 35 2 4 1 0 12 32 17 0
0 0 64 82 0 0 0 18 18 64 36 9 0 0 0 18 9 18 0
2 7 51 22 23 2 26 13 45 29 37 32 8 9 0 20 14 2 1
2 6 61 19 23 2 22 13 55 31 39 34 8 7 0 27 15 1 1
0 0 60 20 50 10 0 0 40 20 40 30 10 10 0 20 10 10 0
4 9 30 48 29 2 26 22 50 43 41 17 9 11 1 19 13 4 1
3 4 29 57 27 2 19 24 66 47 42 12 6 9 0 29 12 4 1
0 0 33 67 33 17 8 25 83 42 25 8 0 17 0 33 8 8 0
Forecasted realization time
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1 134 9 22 69 66 42 42 14 3 43 81 28 8
2 120 5 18 78 67 40 49 9 2 31 85 18 4
X 6 100 0 0 71 50 33 17 0 0 83 33 0
1 141 7 30 63 65 39 43 15 2 43 77 16 7
2 128 5 21 73 67 40 48 12 0 34 83 11 4
X 7 100 0 0 93 86 14 0 0 14 71 14 0
1 105 19 28 53 59 28 53 17 2 17 5 86 11
2 90 14 31 54 57 22 62 13 2 12 6 83 6
X 13 100 0 0 81 62 38 0 0 23 0 92 8
1 178 20 40 40 59 29 49 22 0 61 16 34 16
2 158 16 39 45 61 28 59 13 0 72 12 30 13
X 26 100 0 0 75 54 38 8 0 62 15 27 15
1 137 23 40 37 63 36 45 19 0 66 18 31 16
2 118 18 36 46 61 30 56 15 0 77 11 30 11
X 21 100 0 0 79 67 14 19 0 62 14 38 10
1 147 14 33 54 48 14 53 31 1 59 11 24 33
2 135 9 29 62 47 9 64 27 1 73 7 20 28
X 12 100 0 0 63 33 50 17 0 42 17 8 42
1 174 17 35 48 63 36 50 12 2 74 23 25 20
2 155 14 32 55 63 31 62 5 2 81 17 21 15
X 21 100 0 0 87 76 19 5 0 76 24 33 24
1 142 13 32 55 55 24 50 24 2 65 13 27 22
2 119 9 32 59 52 14 69 16 1 74 7 25 14
X 11 100 0 0 50 20 40 40 0 45 9 36 27
1 160 15 34 51 75 53 41 6 0 74 42 34 13
2 142 13 32 55 78 58 41 1 1 83 35 26 7
X 18 100 0 0 86 78 17 0 6 72 61 33 11
1 155 12 35 52 59 28 50 22 0 63 16 49 12
2 130 11 31 58 59 23 65 12 0 68 9 48 5
X 14 100 0 0 73 50 43 7 0 64 21 43 7
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Topic
Widespread use of feed and food supplies
produced through protein synthesizing processes
using microorganisms and sunlight.
Bio-energy will account for 1% of total energy
consumption in Japan.
Development of a system for measuring body
temperature and biochemical information through
non-invasive devices.
Development of heat-resistant polymer capable of
continuous use at temperatures of up to 450°C.
Development of polymeric fiber with a tear
resistance of 40% of the theoretical value and a
modulus of 90% of the theoretical value (the
theoretical values are assumed to be 20 GPa for
resistance and 250 GPa in modulus of elasticity).
Development of organic ferromagnetic materials.
Practical use of polymer materials with electrical
conductivity and environment resistance equal to
copper at room temperature.
Practical use of polymer ferroelectrics whose
piezoelectric constant is as high as PZT.
Practical use of rechargeable polymer batteries
having a volume-specific capacity of 500
Wh/liter. (Capacity of current Ni-Cd batteries:
250 Wh/liter).
Practical use of polymer sheet emitters for
lighting.
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4 8 31 46 20 1 33 26 40 46 39 16 18 6 1 19 34 7 2
3 7 33 55 13 0 31 23 43 53 38 12 18 4 1 20 48 3 1
0 0 50 83 33 0 0 17 33 33 50 17 0 0 0 33 33 0 0
2 11 23 42 29 3 29 23 38 43 36 18 8 6 1 19 11 1 2
3 7 22 54 25 2 28 23 43 57 36 15 9 5 0 31 13 0 2
0 0 29 43 43 0 0 0 14 29 29 29 29 14 0 29 0 0 0
4 3 50 60 18 0 22 30 46 40 41 22 10 0 0 4 19 9 0
2 1 59 71 12 0 14 26 46 41 40 18 9 0 0 3 22 8 0
0 0 92 77 23 0 8 46 46 31 38 38 0 0 0 0 15 0 0
7 8 51 70 17 0 17 22 39 44 49 7 1 0 0 25 9 0 2
3 3 53 77 10 1 14 22 39 50 61 6 0 0 0 39 6 0 2
0 4 65 85 19 0 4 23 58 46 50 12 0 0 0 31 12 0 0
1 7 58 64 21 0 12 22 42 42 47 10 1 0 0 20 8 0 2
1 4 55 75 14 0 9 20 43 45 57 6 0 0 0 30 8 0 2
0 0 71 76 10 0 0 24 52 38 71 19 0 0 0 29 10 0 0
8 10 54 56 14 0 20 33 29 46 48 7 1 0 0 10 4 1 2
7 8 61 64 8 0 16 26 25 52 59 7 0 0 0 20 6 1 1
17 0 75 58 8 0 0 33 17 42 50 0 0 0 0 8 0 0 0
14 9 53 63 24 0 21 26 40 38 52 10 1 0 1 14 7 1 2
10 5 60 74 14 0 15 21 50 37 61 8 1 0 1 19 8 0 2
10 0 86 67 24 0 5 24 48 33 81 14 0 0 0 19 0 0 0
6 14 49 55 15 1 23 27 34 37 52 11 1 1 1 11 4 1 2
6 7 55 61 8 0 18 24 43 36 64 8 0 0 1 17 7 1 2
18 0 73 36 9 0 18 27 36 45 55 18 0 0 0 18 0 0 0
3 5 71 52 18 0 14 25 54 35 58 14 4 2 0 16 8 0 2
2 4 82 49 8 0 9 24 61 34 68 11 2 2 0 20 10 0 1
6 0 100 28 6 0 0 17 44 22 50 17 11 6 0 28 6 0 0
3 6 54 57 18 1 19 26 43 38 52 20 1 0 1 15 6 1 3
1 2 67 65 15 0 13 19 56 38 61 18 1 0 1 24 6 0 2
0 0 86 64 36 0 7 14 43 29 50 29 7 0 0 7 0 0 0
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1 158 15 28 57 60 31 47 20 1 73 23 23 34
2 143 15 27 58 61 29 57 14 0 83 20 17 27
X 21 100 0 0 80 62 33 5 0 71 29 19 43
1 145 30 28 42 67 39 52 9 0 77 21 26 35
2 128 27 28 45 65 33 61 6 0 84 13 20 28
X 35 100 0 0 75 52 45 3 0 80 17 17 34
1 129 28 32 40 47 13 53 29 4 63 13 22 29
2 111 24 33 42 50 12 66 20 2 80 8 17 28
X 27 100 0 0 58 31 38 31 0 78 7 22 33
1 130 25 33 42 56 22 58 19 1 65 12 23 25
2 116 22 34 44 55 17 70 14 0 83 8 18 21
X 26 100 0 0 64 36 48 16 0 69 12 27 23
1 164 28 30 42 64 34 56 9 1 65 14 18 47
2 147 20 32 48 63 27 69 3 1 78 9 14 38
X 30 100 0 0 78 59 38 3 0 77 20 17 43
1 159 20 28 52 66 39 47 13 1 71 25 17 30
2 134 16 30 54 63 31 59 9 1 79 24 9 24
X 21 100 0 0 74 48 52 0 0 76 33 19 19
1 125 29 34 38 65 37 51 11 1 62 53 18 16
2 107 27 31 42 62 29 63 8 1 68 54 8 13
X 29 100 0 0 84 69 31 0 0 66 62 10 17
1 134 20 37 43 58 24 63 12 1 64 43 16 14
2 112 18 38 45 57 18 75 7 0 66 46 9 10
X 20 100 0 0 73 45 55 0 0 60 40 5 20
1 129 25 31 44 57 25 55 20 0 70 32 11 19
2 112 26 29 45 57 21 64 15 0 74 28 9 11
X 29 100 0 0 69 45 41 14 0 76 38 10 17
1 128 20 28 52 65 35 54 10 0 80 41 9 12
2 110 18 27 55 63 31 59 9 0 82 32 2 7
X 20 100 0 0 80 60 40 0 0 85 35 0 10
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Topic
Development of conjugated polymer
superconducting materials.
Development of precision polymerization
processes that can freely control stereoregularity,
chain structure and molecular weight and its
distribution of polymer in addition polymerization
reactions.
Development of technology that can freely
control the tacticity of polyvinyl chloride and
polyvinyl acetate.
Practical use of technology that can control
molecular weight and its distribution in
condensation polymers.
Development of technologies that can freely
control the super-molecular structure of organic
polymers (higher order functional structure
formed between molecules) utilizing self-
organization functions.
Widespread use of highly efficient screening
systems using combinatorial chemistry and
parallel processing of numerous micro-reactors.
Practical use of catalytic oxidation and
hydrogenation with less inorganic salt by-product
for reagent oxidation and reduction reactions in
the synthesis of fine chemicals.
Practical use of highly selective oxidation
processes using enzyme catalysts in the
manufacture of commodity chemical products.
Practical use of technology for direct synthesis of
phenol from benzene through air-oxidation.
Development of selective catalytic cracking
technology for naphtha.
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13 11 53 65 28 0 17 32 35 45 49 5 2 1 1 14 9 1 3
10 6 59 73 19 0 14 31 40 52 57 4 2 1 1 21 6 1 1
10 5 62 81 24 0 5 38 33 57 76 10 10 5 0 19 5 0 0
6 3 68 65 34 0 9 41 46 49 57 8 0 0 1 16 7 0 3
5 2 75 70 27 0 9 38 50 53 62 6 0 0 1 22 4 1 2
0 0 91 77 40 0 0 37 54 54 77 11 0 0 0 11 0 0 3
5 6 67 56 27 0 14 33 42 40 53 12 0 0 1 25 9 2 2
5 3 74 60 18 0 13 30 50 48 59 11 0 0 1 34 5 1 1
4 0 89 74 22 0 0 30 48 63 70 19 0 0 0 22 0 0 0
6 6 67 56 28 0 16 32 45 40 51 13 0 0 1 12 8 0 3
4 3 73 62 22 0 13 32 49 45 55 11 0 0 1 18 5 0 2
4 4 81 58 12 0 4 27 50 46 54 19 0 0 0 15 4 0 4
4 5 60 68 38 0 13 40 41 47 59 5 0 0 0 12 7 1 2
3 6 66 76 30 0 10 39 41 52 63 3 0 0 0 16 3 1 2
0 3 87 83 50 0 3 37 53 50 63 13 0 0 0 17 3 0 0
1 3 30 84 25 0 8 36 38 50 53 18 3 0 0 8 8 3 3
1 3 24 86 20 0 7 36 34 55 57 18 1 0 1 11 6 2 1
0 0 24 86 43 0 0 29 38 57 76 14 0 0 0 14 5 0 0
1 5 60 58 33 0 16 32 38 40 52 10 2 4 0 8 9 1 2
0 4 68 64 21 0 14 36 41 37 59 6 1 2 0 11 8 1 1
0 0 83 72 21 0 3 41 48 28 52 10 3 3 0 7 3 0 0
4 5 55 54 32 0 16 24 40 37 46 10 1 1 0 13 10 1 2
1 3 61 61 23 0 13 25 49 40 56 6 1 1 0 15 8 1 2
5 5 80 55 40 0 0 25 30 30 55 15 5 5 0 0 5 0 0
3 9 54 52 32 0 19 25 40 35 48 6 0 1 1 16 7 0 2
2 7 62 60 23 0 19 21 54 37 58 5 0 0 1 20 5 0 0
7 7 86 66 24 0 3 14 38 38 76 14 0 0 0 7 7 0 0
4 10 45 63 22 1 20 19 41 40 52 6 2 1 1 17 7 1 2
2 7 47 72 15 0 17 15 50 44 60 3 2 1 1 21 5 0 1
5 0 65 75 5 0 5 25 35 40 85 0 0 0 0 5 5 0 0
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1 125 22 34 44 58 27 54 17 2 68 32 13 23
2 112 18 34 48 54 19 62 16 3 77 25 9 21
X 20 100 0 0 69 40 55 5 0 90 45 15 35
1 196 15 33 52 67 42 44 11 3 42 87 19 8
2 174 15 31 54 67 40 51 6 2 40 86 14 6
X 26 100 0 0 76 58 31 12 0 46 92 8 8
1 173 18 28 54 76 56 37 6 1 51 87 10 11
2 153 15 22 63 83 69 26 5 1 48 90 4 8
X 23 100 0 0 90 83 13 4 0 57 96 9 9
1 168 21 24 55 70 50 33 15 2 51 76 8 23
2 153 16 24 61 75 59 28 10 3 47 82 4 17
X 24 100 0 0 76 65 17 9 9 38 88 8 13
1 185 16 29 55 79 63 30 5 2 41 91 17 4
2 162 12 30 58 84 70 27 1 2 35 93 13 3
X 19 100 0 0 92 84 16 0 0 58 95 5 5
1 128 10 23 66 73 51 41 8 0 59 77 5 6
2 119 11 20 69 78 57 39 3 1 56 82 3 3
X 13 100 0 0 96 92 8 0 0 46 85 8 8
1 139 10 29 60 53 21 49 28 2 32 13 22 71
2 124 6 29 65 51 16 57 26 1 32 9 13 73
X 8 100 0 0 78 63 25 13 0 50 13 25 88
1 135 13 30 58 56 23 55 21 1 41 10 21 70
2 118 7 27 66 54 15 71 13 1 38 9 9 72
X 8 100 0 0 84 75 13 13 0 75 0 0 75
1 106 13 33 54 53 20 52 27 1 67 19 21 19
2 93 12 27 61 50 11 69 19 1 70 13 19 11
X 11 100 0 0 68 36 64 0 0 82 0 18 9
1 114 14 32 54 61 30 55 15 0 77 51 12 8
2 100 12 28 60 59 23 67 10 0 82 50 4 5
X 12 100 0 0 75 50 50 0 0 67 50 0 8
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Topic
Shift of most asymmetric synthetic processes on
an industrial scale to solid catalyst methods.
Biodegradable plastics will account for 30% of all
plastics.
Widespread use of polymer synthesizing
processes that use renewable resources instead of
conventional petrochemical processes.
Development of synthesizing plastics directly
from CO2 and water using light as the energy
source.
Widespread use of  recycling systems for general-
purpose plastics, allowing recycled goods to
account for at least 30% of total production.
Practical use of industrial methane hydrate
mining technology.
Development of devices that enable structural
analysis of supramolecular-biopolymers in real
time.
Development of technology for estimating three-
dimensional structures from the primary sequence
structure of proteins of about 30,000 molecular
weight.
Practical use of Si3N4 sintered material having
toughness equivalent to cast iron at room
temperatures.
Widespread use of power generator turbines
made primarily from reliable, high-strength, heat-
resistant ceramics.
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11 12 64 55 28 0 15 31 42 44 49 15 2 3 1 11 9 1 3
8 12 72 60 14 0 13 33 43 47 63 8 2 2 1 21 7 0 2
5 0 90 65 30 0 5 45 50 45 65 20 0 0 0 10 10 0 0
6 8 64 57 43 0 13 20 49 35 52 27 8 22 1 21 12 2 3
5 2 71 60 36 0 10 16 52 35 58 21 6 20 1 32 11 1 2
8 0 88 73 42 0 0 15 65 35 58 27 8 31 4 35 4 0 0
5 10 41 52 33 0 24 27 50 45 49 12 6 14 1 13 9 2 3
3 7 44 62 26 0 20 25 58 45 53 10 5 12 1 19 8 0 2
4 4 52 61 26 0 9 30 65 48 57 9 0 13 0 17 22 0 0
15 14 41 42 25 0 30 35 32 44 45 5 2 3 0 13 5 2 3
16 8 48 51 20 0 25 31 32 46 56 5 1 3 1 18 5 1 2
17 0 63 54 29 0 13 25 33 42 54 13 0 4 4 21 4 0 4
4 3 44 30 59 0 14 17 46 32 38 28 12 35 0 14 13 3 3
2 3 50 23 64 0 12 14 56 36 42 22 7 34 0 18 12 1 2
0 0 37 21 79 0 5 11 68 58 47 26 11 26 0 26 26 0 0
1 9 34 49 20 1 30 19 34 49 55 17 7 3 1 39 13 1 2
0 8 39 70 13 1 19 18 29 53 66 12 3 3 1 45 7 0 1
0 0 62 77 0 0 8 31 31 38 77 0 0 0 0 46 15 0 0
4 6 25 71 29 0 18 42 28 53 51 5 0 0 1 5 9 6 4
3 5 20 82 23 0 13 48 17 66 55 2 1 0 1 5 9 7 2
0 0 25 100 13 0 0 50 25 75 63 0 0 0 0 0 25 13 0
1 2 37 76 35 0 13 41 28 52 56 7 1 1 0 4 7 4 4
1 1 32 83 25 0 8 49 14 62 62 3 0 0 0 3 7 3 3
0 0 38 100 13 0 0 38 13 75 63 0 0 0 0 13 13 0 0
8 9 62 45 19 0 18 24 40 44 45 8 3 0 1 13 10 1 2
10 8 74 44 11 0 14 19 41 48 54 3 2 0 2 16 10 1 1
9 0 82 45 9 0 0 9 36 18 55 0 0 0 0 9 0 0 0
4 11 67 54 18 0 17 23 44 42 54 9 4 0 0 9 13 2 2
5 9 76 51 8 0 12 17 44 41 67 4 2 0 1 7 19 1 1
8 8 92 25 8 0 8 0 50 33 50 0 0 0 0 0 0 0 0
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1 117 17 38 44 48 15 50 35 0 85 10 15 7
2 94 15 37 48 49 11 64 26 0 84 10 11 3
X 14 100 0 0 63 36 43 21 0 93 7 14 0
1 150 13 26 61 61 28 61 11 1 28 9 86 9
2 127 9 28 62 59 21 72 7 0 20 6 93 3
X 12 100 0 0 64 27 73 0 0 17 17 83 8
1 75 15 37 48 53 19 55 27 0 69 24 9 33
2 64 9 42 48 49 8 73 19 0 78 20 5 23
X 6 100 0 0 50 17 50 33 0 83 17 0 33
1 90 10 37 53 59 30 46 21 2 79 6 16 20
2 82 2 32 66 58 24 61 13 3 84 5 10 12
X 2 100 0 0 38 0 50 50 0 100 0 0 0
1 81 11 36 53 62 32 53 15 0 88 10 19 15
2 70 4 34 61 56 18 72 10 0 86 4 7 6
X 3 100 0 0 67 33 67 0 0 100 0 0 0
1 91 15 33 52 63 33 53 15 0 85 12 18 14
2 74 8 38 54 61 28 60 13 0 84 8 12 11
X 6 100 0 0 92 83 17 0 0 100 17 17 17
1 113 15 36 49 53 17 60 23 0 80 12 16 24
2 94 13 37 50 51 9 78 13 0 80 9 9 20
X 12 100 0 0 63 25 75 0 0 75 8 8 8
1 147 12 29 59 60 29 53 18 0 74 10 12 47
2 129 10 31 59 58 22 66 12 0 77 8 5 43
X 13 100 0 0 63 31 62 8 0 85 15 0 62
1 126 25 31 44 60 28 56 16 0 71 41 10 27
2 111 20 33 47 59 21 73 6 0 74 35 4 23
X 22 100 0 0 69 38 62 0 0 73 36 0 23
1 118 18 31 51 49 14 56 29 2 60 38 12 20
2 111 12 29 59 48 8 68 23 1 77 32 6 12
X 13 100 0 0 58 17 83 0 0 85 31 0 0
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Practical use of a technique producing cBN
(cubic boron nitride) tools using vapour
deposition coating.
Development of apatite compound ceramics with
mechanical properties similar to human bone.
Development of technology to control magnetic
flux in ceramic superconductors.
Practical use of femto-second lasers to produce
optical circuits on plate glass.
Practical use of glass for ultra-high-speed optical
switches.
Practical use of dielectric ceramics for optical
memory.
Practical use of technology for manufacturing
ultra-pliable ceramics using nano-structure
control.
Development of technology for manufacturing
nano-tubes with structures as designed.
Practical use of highly efficient catalysts that
exhibit quantum effects through the control of the
mezzo-structure (2–50 nm) of the catalyst.
Widespread use of technology to directly
synthesize hydrogen peroxide from hydrogen and
oxygen.
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1 7 68 40 13 1 21 21 44 38 49 15 3 1 1 10 7 2 2
1 3 81 46 6 0 12 18 48 37 68 12 1 0 1 16 4 1 1
7 0 86 29 7 0 0 21 29 50 64 14 0 0 0 0 0 0 0
0 2 59 49 19 0 21 25 45 40 56 15 10 1 0 3 14 6 1
0 1 71 56 14 0 13 23 50 40 69 12 6 0 0 2 20 4 1
0 0 83 42 8 0 0 25 58 42 50 8 0 0 0 0 25 17 0
4 9 61 51 19 0 20 35 36 53 53 3 1 0 0 9 5 3 1
0 3 75 58 14 0 8 25 33 61 66 0 0 0 0 11 8 0 0
0 17 50 67 33 0 17 33 0 67 67 0 0 0 0 0 0 0 0
2 7 52 58 12 0 21 26 42 41 53 10 2 0 0 8 11 0 3
2 6 60 71 6 0 13 18 40 51 59 6 0 0 0 5 16 0 2
0 0 100 50 0 0 0 50 0 0 50 0 0 0 0 0 100 0 0
2 9 49 56 12 0 23 22 46 48 53 12 1 0 0 9 7 1 2
0 9 54 70 1 0 16 13 39 61 61 7 0 0 0 6 10 0 1
0 0 67 100 0 0 0 33 0 0 67 0 0 0 0 0 33 0 0
0 10 63 58 16 1 15 23 48 36 44 11 2 0 1 7 7 1 2
0 9 69 59 5 0 12 15 58 38 58 8 0 0 1 8 14 0 1
0 0 100 83 0 0 0 17 67 33 100 17 0 0 0 17 0 0 0
4 12 63 43 13 0 19 34 53 43 51 7 1 0 0 8 7 2 2
3 5 76 47 9 0 14 29 57 49 63 3 0 0 0 7 11 0 1
8 0 92 25 0 0 0 0 67 33 42 8 0 0 0 0 0 0 0
4 4 76 63 20 1 7 35 46 48 59 5 0 0 0 7 4 1 2
3 2 86 63 12 2 4 33 47 54 68 5 0 0 0 11 4 1 2
8 0 92 69 15 0 0 38 62 46 77 15 0 0 0 0 0 0 0
3 11 62 63 25 0 14 33 40 48 59 5 0 0 0 9 6 2 2
5 7 69 68 15 0 10 31 37 54 69 3 0 0 0 11 4 1 1
5 0 86 77 14 0 0 32 41 50 73 14 0 0 0 5 0 0 0
3 15 39 54 25 0 30 21 37 38 50 7 1 0 1 16 8 0 2
1 11 40 63 22 0 25 23 34 51 62 2 0 0 1 18 7 0 1
0 0 69 77 38 0 0 23 54 54 69 0 0 0 0 0 0 0 0
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1 141 25 32 43 74 53 39 7 1 69 74 13 10
2 123 18 34 48 80 63 33 4 0 68 80 7 7
X 22 100 0 0 89 82 9 9 0 77 73 14 5
1 186 19 25 55 79 63 27 8 2 38 92 8 10
2 163 13 25 62 85 74 22 3 1 33 94 4 7
X 22 100 0 0 82 73 18 0 9 41 86 5 23
1 178 20 26 53 79 63 27 9 1 56 88 12 17
2 151 17 29 54 85 73 23 4 0 53 92 7 12
X 26 100 0 0 91 85 12 4 0 54 92 19 15
1 139 17 29 53 57 25 54 20 1 63 17 7 60
2 110 10 27 63 56 21 60 19 0 65 9 4 57
X 11 100 0 0 78 60 30 10 0 73 9 0 45
1 126 24 33 43 55 22 55 21 2 72 33 10 37
2 104 19 29 52 54 16 69 16 0 82 22 6 37
X 20 100 0 0 66 40 45 15 0 95 25 0 35
1 129 16 28 56 51 17 52 29 2 56 24 9 51
2 108 8 31 61 49 9 70 21 0 69 12 5 45
X 9 100 0 0 57 14 86 0 0 67 22 0 33
1 114 13 32 55 54 21 54 24 2 44 44 23 41
2 96 8 31 60 53 15 69 16 0 50 49 10 42
X 8 100 0 0 72 50 38 13 0 75 50 0 25
1 108 14 26 60 55 25 48 27 0 75 17 21 18
2 86 9 27 64 52 13 69 18 0 85 7 13 10
X 8 100 0 0 78 63 25 13 0 88 0 13 13
1 97 24 30 46 58 27 52 21 0 77 38 20 10
2 81 21 30 49 55 16 71 13 0 86 40 15 6
X 17 100 0 0 67 38 56 6 0 88 65 12 6
1 80 29 29 43 62 32 52 16 0 81 39 18 16
2 65 28 23 49 58 21 68 11 0 82 38 9 6
X 18 100 0 0 68 35 65 0 0 83 56 6 6
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Topic
Practical use of low-temperature catalytic
processes for producing hydrogen directly from
methane.
Practical use of carbon dioxide fixation
technology necessary for protecting the global
environment.
Practical use of hydrogen production processes
for water decomposition by sunlight.
Practical use of technologies for designing
materials with prescribed characteristics using
simulation based on first-principle calculation.
Practical use of computer-aided material design
methods for solid catalysts with required
composition, organization, and physical
properties.
Development of computer simulation technology
enabling the precise prediction of structures and
physical properties in an isothermal equilibrium
state when element compositions are given in
multi-element materials.
Practical use of equipment capable of ultra-micro-
analysis up to the ppt level (in the order of 10-12;
e.g. oxygen, carbon and nitrogen) without going
through a concentration process.
Practical use of non-destructive testing
technology capable of detecting minute cracks of
10 µm or less in ceramics.
Widespread use of super-heat-resistant
intermetallic compounds for mechanical
components such as aircraft, engines, turbines
and  etc.
Development of heat-resistant alloys which can
tolerate loads of 15kgf/mm2 (about 150 Mpa) at
ambient temperatures of 1,200°C for at least
1,000 hours.
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5 4 63 63 28 0 16 30 46 40 57 11 4 4 1 18 6 1 2
3 3 70 72 22 0 11 29 52 38 68 8 5 3 0 22 5 0 2
9 0 91 73 32 0 0 32 41 41 82 9 9 5 0 14 9 0 0
11 13 54 48 32 0 22 30 40 49 52 9 4 8 1 18 7 1 3
7 8 64 53 27 0 18 35 40 55 66 6 1 7 0 19 4 0 2
9 5 77 59 32 0 0 50 45 36 64 18 0 14 0 9 5 0 0
7 7 69 51 31 0 15 31 43 48 63 12 4 3 0 13 6 1 2
6 5 76 58 22 0 14 32 43 52 71 8 3 1 0 17 4 1 1
8 0 85 62 35 0 4 46 46 46 65 8 0 0 0 8 0 0 4
4 7 43 77 32 0 12 55 34 45 47 6 0 0 1 6 6 4 1
3 7 36 86 26 0 9 61 25 48 57 7 0 0 0 6 5 2 1
0 0 45 100 36 0 0 64 36 55 55 0 0 0 0 0 0 0 0
7 4 43 70 26 0 13 51 38 43 48 6 0 0 1 6 8 3 2
3 3 43 84 18 0 10 52 38 50 57 5 0 0 0 6 9 0 2
5 0 65 80 20 0 5 55 40 45 50 0 0 0 0 0 10 0 0
3 7 38 70 32 0 18 57 28 51 42 2 1 0 0 6 7 2 2
2 5 40 80 20 0 12 62 22 56 51 0 0 0 0 6 6 2 2
0 0 33 89 22 0 0 67 67 44 44 0 0 0 0 0 0 0 0
4 6 39 55 25 0 26 36 38 41 50 5 2 0 0 7 8 4 3
1 2 40 69 19 0 18 32 43 50 65 3 1 0 0 8 8 1 2
0 0 50 75 25 0 0 50 50 25 50 13 13 0 0 0 13 0 0
1 3 55 53 21 0 22 33 38 43 44 9 1 1 0 6 13 1 2
1 0 63 66 15 0 16 30 45 44 59 7 0 0 0 5 14 1 1
13 0 63 50 25 0 13 25 50 13 63 13 0 0 0 0 0 0 0
4 7 55 58 15 0 20 25 44 44 57 8 6 0 0 6 13 2 1
2 1 63 70 11 0 14 23 48 44 69 5 1 0 0 2 15 1 0
12 0 88 88 6 0 6 24 53 53 82 12 0 0 0 0 18 0 0
8 8 56 54 13 0 14 28 36 39 56 4 3 0 0 10 9 1 1
5 0 68 63 9 0 6 29 43 34 74 3 0 0 0 12 12 0 0
6 0 83 83 6 0 0 28 67 28 72 6 0 0 0 6 6 0 0
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1 77 26 23 51 59 31 46 22 1 81 14 19 14
2 62 27 21 52 59 27 55 16 2 85 11 10 10
X 17 100 0 0 75 59 24 18 0 82 18 12 12
1 133 17 26 57 79 63 30 5 2 82 53 18 44
2 115 15 26 59 87 75 23 1 1 81 52 12 37
X 17 100 0 0 97 93 7 0 0 88 53 24 29
1 146 14 23 63 71 48 43 8 1 88 46 21 17
2 128 13 24 63 76 55 40 4 1 85 45 14 12
X 16 100 0 0 97 93 7 0 0 100 44 19 6
1 60 23 23 53 54 20 56 24 0 77 15 20 22
2 58 17 24 59 57 20 69 9 2 84 3 19 14
X 10 100 0 0 58 22 67 11 0 80 0 10 10
1 61 13 33 54 54 22 52 27 0 80 16 11 18
2 54 15 28 57 55 20 63 16 2 80 13 4 17
X 8 100 0 0 71 43 57 0 0 75 0 0 0
1 86 20 27 53 61 32 50 17 1 84 17 21 16
2 77 18 23 58 60 27 62 9 1 83 10 21 12
X 14 100 0 0 87 77 15 8 0 86 7 21 0
1 75 24 24 52 57 28 48 21 3 68 63 11 7
2 68 19 25 56 57 24 56 18 2 72 66 9 3
X 13 100 0 0 83 67 33 0 0 69 77 15 0
1 60 18 32 50 50 17 49 34 0 60 53 8 10
2 57 14 26 60 50 14 61 23 2 72 46 7 2
X 8 100 0 0 71 43 57 0 0 63 38 13 13
1 80 20 26 54 70 44 47 9 0 63 74 11 11
2 73 18 25 58 70 44 50 4 1 64 77 7 4
X 13 100 0 0 88 75 25 0 0 62 77 8 8
1 106 17 29 54 58 27 50 22 1 70 10 8 49
2 89 13 28 58 55 17 70 11 1 82 7 4 34
X 12 100 0 0 82 64 36 0 0 83 17 0 42
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Topic
Development of welding technology that does not
diminish the performance of structural materials
with superior properties such as strength,
toughness, and fatigue.
Development of superconductors with a transition
point at room temperature or higher.
Widespread use of superconductive material with
a working temperature equal to liquid nitrogen
(77 K) or higher.
Practical use of anisotropic nano-scale composite
magnets of (BH) max = 400kJ/m3 (50.3MGOe) or
more through the control of hetero-structures at
the nano-scale.
Practical use of amorphous-composite ultra-high-
strength aluminum alloys of 1,500 MPa or more
through nano-scale hetero control (600 MPa is the
maximum for existing ductile high-strength
aluminum alloys).
Practical use of super steel materials whose
structures are controlled at the nano-scale.
Practical use of an economical reduction method
using hydrogen for iron manufacturing instead of
conventional coke ovens.
Practical use of technologies that enable bacterial
leaching of metal ore (copper, iron, etc.) within an
industrially viable timeframe.
Practical use of technologies for efficiently
removing nonessential elements in metal
recycling (separation of Fe, Mn, etc. from Al.
separation of Cu from Fe).
Computer design of theoretical performance of
metallic material will become possible.
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4 8 62 35 18 0 26 27 45 39 48 4 3 0 0 6 14 1 3
2 6 73 35 15 0 19 19 55 37 60 2 0 0 0 3 19 0 0
6 0 88 24 18 0 6 18 53 41 65 0 0 0 0 6 24 0 0
20 28 62 59 27 0 19 46 38 44 50 2 1 0 0 6 8 2 2
17 22 72 70 21 0 11 50 33 51 58 1 0 0 0 3 11 0 1
12 29 71 65 24 0 6 53 18 47 71 0 0 0 0 0 24 0 0
3 9 71 72 32 0 12 32 51 42 55 15 5 1 0 8 9 2 1
2 5 77 80 21 0 6 29 58 41 65 12 3 0 0 5 13 0 1
0 0 88 81 13 0 0 44 44 38 81 25 19 0 0 0 19 0 0
2 18 53 43 17 0 25 40 43 37 48 7 2 0 0 5 15 2 2
0 9 69 50 10 0 17 28 45 43 64 5 0 0 0 2 24 0 0
0 0 90 60 20 0 0 10 60 40 60 10 0 0 0 0 10 0 0
8 11 56 49 11 0 20 31 43 39 56 10 0 0 0 8 15 3 2
7 7 69 56 6 0 15 24 39 35 74 4 0 0 0 6 15 2 0
13 0 63 50 0 0 0 0 38 25 75 0 0 0 0 13 25 0 0
2 12 72 35 14 0 12 26 51 44 48 7 3 0 0 7 10 2 1
3 8 79 32 6 0 10 25 55 47 55 3 1 0 0 5 12 1 0
7 7 86 0 7 0 7 14 64 29 57 0 0 0 0 14 7 0 0
12 8 56 19 13 0 25 16 45 37 45 7 5 4 0 12 13 1 1
10 6 66 18 7 0 19 15 49 38 53 3 3 1 0 10 18 0 0
8 0 85 0 0 0 8 8 38 31 69 0 15 8 0 23 8 0 0
12 17 35 40 13 0 37 30 33 48 48 5 2 2 0 20 13 2 2
11 11 33 53 14 0 26 21 26 58 54 4 0 2 0 28 21 0 0
13 0 75 75 25 0 0 38 25 38 50 0 0 0 0 25 13 0 0
6 9 63 28 25 0 25 31 45 55 53 6 6 5 0 11 9 0 1
3 5 73 19 25 0 19 33 42 59 63 4 3 0 0 15 8 0 0
8 0 92 8 15 0 0 31 62 77 85 8 0 0 0 15 8 0 0
3 6 53 72 28 0 15 55 33 55 48 6 2 0 0 6 8 2 2
2 3 47 75 21 0 11 62 24 65 56 3 1 0 0 3 10 0 1
8 8 67 67 25 0 8 67 8 75 75 8 0 0 0 8 25 0 0
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1 80 25 21 54 67 40 48 12 0 78 20 36 10
2 68 21 21 59 64 33 60 6 1 84 12 26 7
X 14 100 0 0 77 64 14 21 0 86 14 29 14
1 105 13 24 63 54 26 44 23 7 79 11 10 7
2 88 13 20 67 53 22 51 24 3 86 8 8 6
X 11 100 0 0 57 36 18 45 0 73 9 18 18
1 92 21 28 51 70 46 42 12 0 85 9 22 12
2 81 17 22 60 73 50 41 8 1 89 5 21 10
X 14 100 0 0 77 64 14 21 0 86 7 36 29
1 80 11 30 59 56 23 56 19 1 79 6 20 14
2 62 13 23 65 52 15 66 16 3 82 5 23 15
X 8 100 0 0 63 38 38 25 0 88 13 25 13
1 132 14 33 52 82 67 30 2 1 72 80 21 12
2 110 10 30 60 89 81 16 3 1 68 88 15 7
X 11 100 0 0 77 64 27 0 9 82 73 9 9
1 137 15 27 58 81 66 29 4 1 72 78 24 7
2 114 11 25 65 89 81 14 4 1 71 83 18 2
X 12 100 0 0 79 67 25 0 8 58 83 8 8
1 69 12 25 64 53 22 49 29 0 68 7 16 42
2 62 8 13 79 54 16 66 18 0 76 3 10 40
X 5 100 0 0 60 20 80 0 0 80 0 40 40
1 96 14 22 65 59 27 54 19 0 79 7 20 20
2 79 9 20 71 57 21 65 14 0 85 3 15 22
X 7 100 0 0 68 43 43 14 0 100 0 14 14
1 88 11 27 61 61 28 63 9 0 84 10 18 17
2 69 9 22 70 61 24 74 3 0 91 4 14 13
X 6 100 0 0 83 67 33 0 0 100 33 33 0
1 76 16 25 59 57 23 59 18 0 84 5 29 24
2 59 10 32 58 58 21 71 9 0 93 2 24 14
X 6 100 0 0 83 67 33 0 0 100 0 0 17
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Topic
Development of examination technologies, which
enable in-situ estimation of remaining life of
metallic materials, structures, and components
depending on service conditions, by non-
destructive inspection for fatigue.
Practical use of silicon wafers one meter in
diameter.
Practical use of insulating material for VLSI with
a permittivity of 1.3 or less.
Practical use of lens material that transmits at
least 90% of far ultraviolet light of a wavelength
of 150nm or less.
Practical use of multi-layer solar cells with a
conversion efficiency of more than 50%.
Practical use of large-area amorphous silicon
solar cells with a conversion efficiency of more
than 20%.
Practical use of X-ray lasers with a wave-length
of several nm.
Development of high performance switching
elements made of nonlinear optical material of the
third order.
Practical use of semiconductor UV lasers.
Practical use of photo-refractive material that can
change its photo-refractive index by 0.1 or more.
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4 5 70 55 24 0 19 38 53 50 46 6 3 0 0 9 11 1 3
1 1 78 54 18 0 12 32 56 54 49 6 0 0 0 4 13 0 0
0 0 86 71 21 0 0 29 64 64 64 0 0 0 0 0 14 0 0
26 14 65 39 6 2 15 19 33 39 49 11 3 0 0 12 7 0 3
25 6 86 36 5 2 5 14 38 44 67 6 1 0 0 13 6 0 1
55 0 91 9 0 0 0 18 36 27 45 9 9 0 0 18 9 0 0
7 8 70 68 5 0 11 24 48 40 55 8 2 0 0 11 7 1 2
5 6 81 74 5 1 5 17 49 43 69 6 1 0 0 19 6 0 0
7 0 86 57 0 0 0 36 29 36 79 14 7 0 0 21 0 0 0
13 11 51 45 14 0 28 28 35 41 49 5 5 0 0 15 10 0 3
16 10 53 47 8 0 21 23 42 39 52 3 3 0 0 19 6 0 0
13 0 50 50 0 0 25 25 25 25 75 0 13 0 0 13 13 0 0
14 12 64 54 21 0 17 27 46 45 61 11 5 4 1 12 4 1 2
15 8 74 63 15 0 12 20 50 45 68 15 6 5 1 12 5 0 1
18 9 73 45 27 0 9 36 36 27 73 0 18 0 9 0 9 0 0
5 9 78 50 14 0 12 23 49 45 64 18 6 4 1 10 6 0 2
4 5 84 51 10 0 8 18 54 40 70 18 4 4 2 9 6 0 1
0 8 92 42 17 0 8 25 50 42 75 25 17 0 8 8 8 0 0
0 6 35 70 20 0 20 39 42 48 52 10 1 0 0 12 12 1 3
0 5 27 82 13 0 11 35 45 58 61 8 2 0 0 13 11 0 0
0 20 40 80 0 0 0 60 80 60 80 0 0 0 0 0 40 0 0
0 3 55 70 22 0 16 31 49 45 53 6 2 0 0 8 8 0 2
0 3 43 80 15 0 10 23 49 49 58 4 0 0 0 9 8 0 0
0 0 43 71 0 0 0 29 29 57 43 0 0 0 0 14 14 0 0
1 0 68 65 17 0 9 34 45 49 65 10 2 0 0 10 11 1 3
1 0 67 78 12 0 6 28 51 61 72 6 0 0 0 10 13 0 1
0 0 83 67 0 0 0 33 50 83 83 17 0 0 0 0 17 0 0
0 5 62 70 21 0 13 42 47 49 46 8 3 0 0 12 11 0 3
0 2 66 81 14 0 7 36 53 61 54 5 0 0 0 10 7 0 0
0 0 50 83 0 0 0 33 83 67 33 0 0 0 0 0 17 0 0
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1 77 13 23 64 57 26 51 20 3 75 12 16 34
2 71 7 25 68 53 16 64 19 1 79 8 10 25
X 5 100 0 0 80 60 40 0 0 80 40 0 40
1 46 26 24 50 59 27 55 18 0 78 4 22 30
2 37 22 16 62 56 21 62 18 0 84 0 14 24
X 8 100 0 0 66 38 50 13 0 75 0 0 38
1 55 20 29 51 56 20 61 19 0 76 5 13 40
2 46 13 24 63 51 11 69 20 0 78 7 7 39
X 6 100 0 0 63 33 50 17 0 67 17 0 83
1 66 14 30 56 71 45 48 5 2 88 5 26 11
2 58 7 28 66 69 41 52 7 0 86 2 26 7
X 4 100 0 0 88 75 25 0 0 100 0 0 0
1 96 13 32 55 80 62 33 5 0 88 8 38 18
2 80 8 30 63 84 69 29 3 0 85 6 33 10
X 6 100 0 0 88 83 0 17 0 67 17 33 17
1 123 18 31 51 77 57 38 5 0 89 14 23 26
2 107 14 30 56 85 70 29 0 1 89 11 11 21
X 15 100 0 0 90 87 7 0 7 87 27 13 33
1 119 23 27 50 71 47 44 9 0 91 12 15 28
2 105 17 27 56 72 47 47 7 0 89 6 8 24
X 18 100 0 0 86 72 28 0 0 89 17 22 28
1 99 19 30 51 76 55 40 4 1 81 9 20 31
2 87 11 32 56 79 62 33 4 1 84 3 13 22
X 10 100 0 0 100 100 0 0 0 90 0 20 20
1 128 25 28 47 75 54 39 5 2 78 12 17 48
2 112 20 29 51 79 61 34 4 1 84 4 9 46
X 22 100 0 0 92 86 9 5 0 91 5 9 64
1 166 25 30 45 71 47 44 9 0 80 16 14 46
2 139 22 31 47 72 46 50 3 1 83 10 7 42
X 30 100 0 0 90 79 21 0 0 97 10 17 53
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Practical use of operational circuits comprising
superconducting Josephson junctions.
Development of elements (memory, magnetic
heads, etc.) which utilize colossal magnetic
resistance effect (variance of 1010 or more).
Practical use of quantum-effect electron wave
interference devices.
Practical use of femto-second ultra-high-speed
switching devices for communication.
Practical use of memory chips with a capacity of
1 terabit.
Development of three-dimensional cumulative
processing technology of nanometer scale.
Practical use of memory material that provides
specific nano-scale structure and characteristics
through self-organization.
Practical use of single electron memory elements.
Development of devices that utilize switching
functions of a single molecule/atom.
Development of technology for controlling the
structures and properties of solid surfaces and
interfaces at the atomic level.
419
W
ill
 n
ot
 b
e 
re
al
iz
ed
D
o 
no
t k
no
w
(%) (%)
17 10 56 60 14 0 16 34 39 45 42 14 5 0 0 8 6 3 3
14 4 62 75 10 0 8 30 41 58 48 7 1 0 0 8 8 1 1
20 20 60 60 0 0 20 40 40 40 80 0 20 0 0 0 20 0 0
4 7 61 65 17 0 11 35 41 48 52 9 2 0 0 11 7 0 2
3 5 59 78 11 0 8 19 38 57 59 0 0 0 0 16 14 3 0
13 0 100 63 0 0 0 38 38 63 63 0 0 0 0 13 25 0 0
4 7 53 62 20 0 22 38 42 44 53 7 2 0 0 9 7 0 4
2 2 52 76 11 0 15 28 39 48 61 4 0 0 0 9 11 0 2
17 0 83 83 33 0 17 33 17 33 83 17 0 0 0 0 17 0 0
0 6 59 70 18 0 17 32 47 52 58 12 8 0 0 8 12 0 2
0 5 67 81 12 0 7 28 48 57 69 9 3 0 0 9 12 0 0
0 0 75 100 25 0 0 25 75 50 75 0 25 0 0 0 25 0 0
0 7 74 69 13 6 10 34 54 47 70 8 4 0 0 8 9 0 1
0 0 78 76 5 8 4 29 58 45 73 10 1 0 0 8 8 0 0
0 0 100 83 0 33 0 50 33 33 100 0 17 0 0 0 17 0 0
2 7 70 77 20 0 11 44 52 51 67 7 2 0 0 7 8 2 2
1 2 76 82 16 0 7 43 55 53 76 3 2 0 0 7 8 0 1
7 0 100 93 20 0 0 60 60 87 93 0 7 0 0 7 7 0 0
6 8 61 66 24 1 19 40 44 48 66 8 1 0 0 10 8 1 3
4 5 67 76 20 1 11 36 46 56 73 4 0 0 0 10 7 0 2
6 0 89 89 28 6 0 39 50 67 83 6 0 0 0 11 11 0 0
8 4 62 72 26 0 10 47 41 49 60 11 2 0 0 9 8 0 2
3 3 68 83 16 0 6 44 40 52 74 6 0 0 0 8 6 0 1
10 0 70 80 30 0 0 30 40 40 90 10 0 0 0 0 10 0 0
10 9 48 73 29 1 13 60 41 54 62 3 2 0 0 9 8 0 2
9 5 46 79 21 1 10 60 38 62 70 2 0 0 0 9 5 0 2
5 0 45 86 32 0 5 68 41 77 91 0 0 0 0 9 5 0 0
4 6 66 75 36 0 12 48 42 58 63 5 1 0 0 8 8 0 2
3 1 68 82 30 0 9 49 43 60 73 3 0 0 0 9 5 0 1
7 0 77 83 37 0 3 63 50 77 87 3 0 0 0 0 7 0 3
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1 94 18 26 56 60 28 55 16 0 79 11 21 23
2 78 15 23 62 56 21 64 16 0 78 8 15 18
X 12 100 0 0 69 42 50 8 0 92 8 17 0
1 85 25 21 54 60 31 50 18 1 81 9 14 29
2 68 18 21 62 56 20 65 15 0 84 1 15 21
X 12 100 0 0 67 42 42 17 0 75 0 17 33
1 95 19 27 54 60 30 53 14 3 80 21 16 26
2 77 18 21 61 58 24 60 15 1 81 10 9 19
X 14 100 0 0 61 36 43 14 7 79 0 14 21
1 83 23 31 46 62 33 49 16 1 81 8 16 28
2 65 18 29 52 63 30 60 10 0 83 2 12 20
X 12 100 0 0 67 42 42 17 0 67 0 17 50
1 114 23 23 54 51 17 57 23 4 64 5 8 64
2 94 18 19 63 54 18 63 18 1 68 2 5 57
X 17 100 0 0 68 41 47 12 0 76 0 12 71
1 103 16 31 53 68 42 46 12 0 85 12 17 22
2 89 10 29 61 70 44 49 7 0 83 10 10 13
X 9 100 0 0 78 67 11 22 0 89 11 11 33
1 115 16 28 57 56 24 54 22 0 81 21 23 10
2 94 12 29 60 56 18 68 14 0 83 12 19 6
X 11 100 0 0 59 27 55 18 0 82 9 36 36
1 97 14 29 57 54 20 58 22 0 79 24 20 12
2 79 14 29 57 54 14 74 12 0 85 20 11 9
X 11 100 0 0 70 50 30 20 0 100 27 0 18
1 117 13 26 61 86 75 20 5 0 56 15 81 29
2 101 8 25 67 90 80 19 1 0 63 11 78 23
X 8 100 0 0 100 100 0 0 0 63 13 88 13
1 133 12 32 56 58 26 56 17 1 80 26 20 12
2 109 12 31 57 56 18 70 12 0 85 19 17 8
X 13 100 0 0 71 46 46 8 0 85 23 31 0
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Topic
Development of a technique for manufacturing of
diamond p-n junctions.
Practical use of heteroepitaxial technology for
growing single crystal thin film with a lattice
mismatch of 10% or more.
Practical use of technology for growing single
crystal thin film on amorphous substrate.
Practical use of technology for controlling point
defects such as  vacancies and complex defects in
silicon.
Development of technology for non-destructive
analysis of single atoms on the surface of solids.
Practical use of online processing technology
systems capable of controlling size and shape
with an accuracy of the order of 1nm.
Practical use of carbon fiber reinforced carbon
composite material that is oxidation-resistant.
Practical use of ceramic-metal bonding
technology that can withstand heat fatigue from
repeated temperature changes of 500°C or more
(So far less than 400°C).
Practical use of systems for the genetic diagnosis
and treatment of cancer and incurable diseases
based on genome analysis.
Practical use of functionally gradient materials
that have undergone successive transformation
from metallic to ceramic properties.
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1 6 74 54 15 0 17 36 51 52 55 10 3 0 0 9 6 0 3
0 5 82 56 10 1 6 26 53 55 62 8 0 0 0 10 5 0 1
0 0 100 42 0 0 0 42 58 58 75 25 0 0 0 17 0 0 0
6 7 73 69 22 0 11 35 47 52 58 7 2 0 0 8 8 0 4
4 3 81 74 19 0 4 32 49 56 62 3 0 0 0 6 9 0 1
8 0 83 83 25 0 0 42 50 50 75 8 0 0 0 8 8 0 0
6 5 63 60 20 0 19 33 46 44 55 13 2 0 0 8 4 0 3
4 4 69 68 18 0 14 29 47 48 58 8 0 0 0 8 5 0 1
14 0 71 71 36 0 7 43 43 57 79 14 0 0 0 14 0 0 0
4 8 69 60 17 0 10 35 53 49 51 12 2 0 0 6 7 0 2
3 6 74 65 12 2 9 25 51 57 60 12 0 0 0 11 5 0 0
17 0 75 50 17 0 8 25 50 50 58 8 0 0 0 8 0 0 0
6 5 54 73 34 0 13 44 36 47 52 4 1 0 0 5 11 2 4
4 3 59 78 26 0 12 48 31 54 57 4 0 0 0 4 14 0 2
6 0 88 76 35 0 6 59 35 65 82 12 0 0 0 0 6 0 0
6 4 70 77 17 0 7 37 54 59 60 15 3 0 0 7 9 3 4
3 0 67 90 13 0 2 30 55 60 65 9 1 0 0 3 12 1 2
11 0 100 78 33 0 0 11 22 56 78 22 11 0 0 0 0 0 0
5 8 65 49 19 0 18 27 50 44 55 6 2 0 1 11 12 0 2
5 4 76 51 12 0 15 23 47 46 62 3 0 0 0 10 14 0 0
18 0 100 55 27 0 0 27 27 36 73 18 0 0 0 27 9 0 0
1 7 69 60 16 0 13 24 49 45 59 8 1 0 0 10 11 1 2
1 4 80 59 8 0 13 19 57 44 67 5 0 0 0 10 11 0 0
0 0 91 64 18 0 0 9 45 55 73 18 0 0 0 18 9 0 0
0 3 31 90 26 0 7 50 48 61 63 17 14 9 0 4 22 39 2
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Practical use of thorium fused salt reactors —
safe energy systems that do not give rise to the
core meltdown phenomenon — instead of
uranium nuclear reactors.
Practical use of functional organic and inorganic
composite materials with constituent parts of the
order of several to hundreds of Å.
Development of intelligent materials with self-
diagnosis and repair functions incorporating
sensor functions, programming functions, and
effector functions.
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12. Survey results in “Manufacturing”
12.1. Trends in noteworthy domains
12.1.1. Intensification of “Manufacturing Activities” using all the potentials of the nation
The manufacturing industry in Japan has quickly employed new technologies, such as mechatronics,
and has combined them with excellent field workers, to keep high competitiveness leading other countries
with a definite margin.  However, since the burst of the bubble economy, we have encountered the
progression of globalization, a low birth rate and a greater share of elderly citizens, more young people
staying out of the manufacturing industry, the rapid industrialization in other countries, mainly in Asia, and
so on, and, influenced by these diverse and structural changes of the economy and society, the
manufacturing industry has begun to gradually decline in share among domestic industries.  And yet, there
remains a recognition that the manufacturing industry, as a key Japanese industry, contributes to the
development of all domains of the Japanese economy, such as the creation of new industries, the expansion
of employment, and the promotion of foreign trade, and also to the improvement of national life.
As such, movements toward positively promoting basic manufacturing technologies using all the
potentials of the country, and toward respecting manufacturing technologies, are observed as recent
remarkable movements.  A typical case of the movements is the “Discussion Gathering on Manufacturing
Activities,” with ex-Premier Obuchi as a main participant.  Furthermore, the “Basic Law for Promotion of
Basic Technologies for Manufacturing Activities” was enforced in June 1999, showing that the national
Government recognizes manufacturing activities as an important factor for forming the foundation for
Japan’s survival, and it also recognizes the importance of the economic and social roles played by
manufacturing engineers, who produce the basic technologies.  This can be said to provide a chance for
manufacturing engineers and researchers to accelerate the drive for novel technological development.
The strategy commonly observed, in these movements to intensify manufacturing activities, is to aim to
establish firm superiority leading world markets, by securing basic and fundamental technological abilities
to respond to IT and social and users’ needs, and to develop innovative technologies and products, enabling
qualitatively higher competitiveness to be achieved without resorting to only cost, while also making efforts
to reduce costs, which is necessary for competition; to promote conversion to more proposal-oriented
industries, and to raise competent workers capable of materializing these efforts.  In other words, it is
intended to enhance the planning and strategic abilities to further maintain and develop the excellent process
innovations cultivated so far in Japan, and to promote product innovations capable of developing more
attractive, higher-value-added products, and also to promote technological development abilities to
implement such planning and strategy.
12.1.2. Prospects for technologies and direction of survey
Influenced by discussion in the national Government on intensifying manufacturing activities, the
Ministry of Economy, Trade and Industry, and other various organizations, including respective
manufacturers’ associations, are discussing particular technological development.  What must be considered
first, in the development of manufacturing technologies, are the responses to the common social demands
and environment changes occurring around the manufacturing industry.
(1) Responses to IT
The progress of information and telecommunication technologies, such as the Internet and computers
supporting it, is remarkable, and the introduction of IT is hailed as a way to intensify competitiveness also in
the manufacturing industry.  The role played by IT, at first, in the manufacturing industry, is contributions to
energy-saving, efficiency enhancement, and resource-saving, in the indirect departments, using the function
of allowing information to be received, transmitted, and shared beyond temporal and spatial limits.  The
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introduction into the manufacturing processes is not as progressive as in the indirect departmentsbut, IT is
expected to be a tool to more effectively shorten the periods of time for development and manufacturing, as
a tool for overcoming the distances to remote places, and as a tool for education on and inheritance of
important skills in manufacturing fields.  On the other hand, the function of receiving and transmitting
information based on infinite combinations, as another feature of IT, produces novel business models called
net business.  Also in the manufacturing industry, the function is expected to produce novel models.  In
addition, it takes enormous costs to collect and maintain the ever-increasing manufacturing knowledge, and
IT is highly expected for developing databases and CAE, which store digitized know-how and the like of
skilled workers, and also for realizing a foundation system for sharing them.
(2) Formation of a recycling-type society harmonious with the environment
Environmental problems are expanding, from local problems called environmental pollution, in the
beginning, to global problems, such as global warming countermeasures, and further to a recycling-type
economic society.  In many cases, the manufacturing industry consumes great energy in manufacturing
processes, and the products per se have, generally, large effects on the environment in the life cycles of
products from use to waste disposal.  As such, the development of products with reduced environmental
effects, and of technologies to manufacture them, and the development of recycling methods, are urgently
needed.  Further, there is need for development and introduction of new energies that do not use fossil fuels.
(3) Technologies responding to the low birth rate and more elderly citizens
Japan’s lower birth rate, in conjunction with an increasing percentage of elderly citizens, is expected to
pose a serious problem for the manufacturing industry.  The trend of young people staying out of the
manufacturing industry is seriously discussed, and manufacturers that cannot present future images of
attractive job sites will find it difficult to secure competent workers who will support the companies in the
future.  Furthermore, it is required to make further use of senior workers with abundant experience and
knowledge, and also to take measures to present job sites available also for disabled persons, to secure
competent workers, including female workers and foreign workers.
(4) Education and raising of competent workers
Only people can sustain new manufacturing activities, such as employment of IT and environmental
impact reduction.  It will be increasingly important to raise such competent workers henceforth.  In
particular, it is necessary to raise intellectually skilled competent workers to allow conversion to creative
manufacturing activities, such as product innovations; competent workers having abundant knowledge in
both IT and manufacturing technologies, to allow their integration, and competent workers having extensive
management knowledge and senses.  To realize these, it is important to use an administrative institution to
support a regime in which industries, academic societies, and governments can interact with each other; to
change people’s consciousness toward manufacturing activities, and to improve the treatment of workers
engaged in manufacturing activities.
(5) Promotion of technological innovations
Manufacturing can be considered a process for investing materials, equipment used for production,
workers, and production methods, to realize products. As such, the existence of materials as a factor in
bringing about large innovations in the manufacturing technologies, is very significant.  It is estimated that,
in particular, conversion to recyclable materials and lighter workable materials lower in energy consumption,
will be accelerated intensively for the formation of a recycling-type society.  Future social needs will
determine what materials will be necessary, and an effective way to achieve qualitatively higher
competitiveness is to predict various materials and prepare manufacturing technologies that can respond to
them.  On the other hand, the development of technologies that can respond to information and
telecommunication apparatuses, which are increasingly enhanced in density and integration, as well as
medical and welfare apparatuses employing micron technology, is predicted to lead to large new industries
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in the future.  Furthermore, the realization of functions imitating organisms, and the development of
production processes using the functions of organisms, are expected to produce new qualitatively higher
competitiveness and industries.
These technological topics, with the social and environmental backgrounds taken into account, have
various relations with diverse aspects of business activities.  In the flow from design, development, and
manufacturing until products leave factories, the construction of environments to “quickly produce novel
products needed by users at low cost” is important to improve competitiveness in the future.  Also important
are marketing based on the trends of user demands precisely identified, preparedness for procurement
optimized in view of world scale, and technological development with a view toward outside the enterprise
concerned, to optimize the life cycle of each product.
Considering the above-mentioned important technological elements and the activity domains of
enterprises in the manufacturing industry, 52 forecast topics were selected and compiled.  Thirty years from
now, the manufacturing technologies will be very different from the ones used currently, but we considered
that the topics compiled in reference to the current technological trends would allow respondents to more
easily respond in comparison with daily problems.
12.1.3 Forecast of main technologies
In reference to main technological elements, the results of the questionnaire are introduced below.
(1) Manufacturing technologies for the formation of a recycling-type society in harmony with the
environment
The top ten topics in the degree of importance index score included as many as seven topics relating to
the environment and energy, such as 40, 39, and 42.  Among them, manufacturing techniques, with
recycling taken into account, ranked high, suggesting the importance of recycling as an urgent topic for
grappling with global issues.
However, as the field to be preferentially taken up for R&D in the coming 5 to 10 years, for the future
priority science and technology in Japan, the environment field was placed after the information field,
inducing us to imagine that the respondents wished “to intensify competitiveness by means of IT at first,
though they understand the importance” of the environment field.  For early development of environment
technologies, it is required to present more particular R&D subjects implicating that “the environment pays”
rather than “the environment does not pay.”
(2) IT-responding manufacturing technologies
In view of the degree of importance index score, none of the IT-responding manufacturing technology
topics was included in the top ten.  However, such topics as 21, 51, and 15 ranked high in the degree of
importance.  Mainly large enterprises are presently actively developing digital factory technologies based on
so-called CAE (computer-aided engineering), and the respondents may have rather expected that new
business and manufacture models would come.  Today, when IT innovations are actively discussed, the
realization times of IT-relating topics were forecasted to be earlier than those of other topics,
characteristically.
(3) Nanotechnology-based manufacturing technologies
Topics 02, 14, and 06 ranked high in degree of importance.  Processing and assembling technologies
intended to integrate micron technology and nanotechnology, as observed in these results, are felt to predict
further extreme pursuit of the process technologies familiar to Japan, in order to achieve qualitatively higher
competitiveness and thereby enable the production of higher added-value products and the creation of new
industries.  So, these topics were high in the rate of contribution to socioeconomic development, and, in the
forecast of realization time, more topics are forecasted to be earlier than those of other themes.  On the other
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hand, responses indicated that technologies related to information were the R&D field to be most
preferentially taken up in the coming 5 to 10 years, for the priority science and technology in Japan, but for
the period after 10 years, technologies related to life were taken up at the highest rate.  Many respondents
predicted that, after technologies related to information and the environment, those related to life would
innovate manufacturing technologies.
(Kazuo Mori)
12.2 Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating relation. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the topics.
Topic Framework for Manufacturing field
Manufacture and processesDomain
Relation
Common
foundation
[technological
innovation]
Development &
manufacture &
design
[concurrent
engineering]
Use
 (operation &
maintenance)
[outsourcing]
Sales &
procurement &
recycling
[world
optimum
market]
Safety
 [respect to
human lives]
Materials 01 02 03 04
Information 05 06 07 08 09
10
11 12 13 14 15
16 17 18 19
20 21 22 23
Energy 24 25 26 27 28 29
Processing
& assembly
30 31 32 33 34 35 36 37 38
Environmen
t
39 40 41 42 43
El
em
en
t t
ec
hn
ol
og
ie
s
Bio-
technology
44 45 46 47
Welfare 48 49
<Peripheral topics such as social systems>   50 51 52
12.3. Topics with high degree of importance
The responses (excluding those from respondents of professional degree “Zero”) on the degree of
importance for Japan, were as follows.  The degree of importance index score for the field of manufacturing
as a whole was 65.4.  The topics considered of particular importance for Japan (top 20 topics in terms of
degree of importance index score) are listed in the table below.  The topics evaluated highest in degree of
importance relate to recycling technologies, and topics related to fine processing and energy rank relatively
high.
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Table 3.12-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
40:Widespread use of a design-manufacturing-collection-recycling system in
which manufacturers are obligated by law to collect and dispose of disused
products, and at least 90% of used material is recycled.
90 2015
39:Widespread use of low entropy-generating eco-factories, which give due
consideration to the impact on local ecosystems throughout product life
cycles, from manufacture to disposal.
87 2017
42:Widespread use of a “production–destruction” manufacturing system in
which a production system of “design --- production --- use --- disuse” is
combined with a resources recycling system of “collection --- dismantling
and sorting --- reuse --- production”.
87 2017
41:Widespread use of zero emission factories as a result of advances in the
development of carbon dioxide collection technology. 86 2021
19:Development of semiconductor microprocessing and measuring
technology of 1nm resolution for manufacturing 0.01 micron-rule LSI. 84 2013
24:Widespread use of non-fossil energy sources (wind, geothermal, PV/solar
heat, and waste heat) in all areas of manufacturing. 83 2018
02:Practical use of processes capable of customizing material through material
manufacture control technology at molecular and atomic levels. 81 2017
14:Practical use of mounting technology at the several µm level capable of
realizing ultra-small wearable devices that integrate optoelectronics,
microelectronics, and micromachines.
80 2014
25:Widespread use of cogeneration systems (fuel cells and micro-gas turbines)
in the manufacturing industry. 80 2013
28:Practical use of technology for optimizing energy usage in the
manufacturing processes through the storage of large amounts of electricity
(superconductors, flywheels, and condensers).
79 2019
46:Practical use of technologies for mass-producing hydrogen by
decomposing organic substances through application of solar energy and
biological systems.
79 2020
50:The relationship between universities and companies becomes much closer
through such measures as expansion of internships in the science and
engineering field, greater interchanges between industry and academia, and
expansion of corporate cooperation in research and education, and through
this, universities in Japan come to play a greater role in technological
innovation in manufacturing.
78 2012
10:Establishment of a common global language (including software) that can
express manufacturing-related information and knowledge, leading to
development of interface technology capable of accurately communicating
information, including intentions, through a human-machine-information
system, regardless of differences in language and culture.
78 2017
15:Widespread use of a local (remote areas) manufacturing system without a
trial production process that produces image prototypes with 3-D digital
models, and transmits digital data to the manufacturing plants.
76 2009
21:Advances in digitalization and increased sophistication of industrial robots
give rise to radical changes in job opportunities and job forms for workers in
the manufacturing industry.
75 2012
06:Practical use of angstrom-order ultra-precision processing technologies
(machining, analysis, testing and in-situ monitoring) as a result of
advancements in beam technology (ions, electrons and lasers), control
technology, and sensor technology.
75 2012
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Topic Importance index
Forecasted
realization time
48:Widespread use of manufacturing systems where elderly or disabled people
can work without difficulty. 73 2014
18:Widespread use of manufacturing technology for controlling specified
characteristics so that subsequent testing is unnecessary through in-situ
monitoring of chemical reactions and feedback to the control system in
highly complex and precise manufacturing processes, such as LSI
manufacturing.
73 2014
43:Widespread use of technology that assesses potential risk at an industrial
estate, company or manufacturing facility by assuming a multiple chain
accident, and estimating the damage caused, including the impact on the
surrounding area.
73 2016
07:Widespread use of virtual manufacturing systems that support
manufacturing activities such as design, development, production,
operation, maintenance and waste disposal (optimizing and improving the
efficiency of processes, facilitating applications for approvals, etc.).
72 2011
12.4 Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.  Comparing the
distribution of forecasted realization times of all the topics, and that of the manufacture field, one-half of
responses on the forecasted times for the topics of the manufacture field are positioned between 2011 and
2015, and the peak shows the same trend as that for all the topics, with the rates before and after the peak
also being almost the same.
Figure3.12-1   Forecasted realization times
12.5. Current leading countries
Responses to the question concerning current leading countries, etc., are as shown in the diagram below.
Named by 51.5% of the respondents, Japan ranked No. 1 in the manufacturing field, as a whole, followed by
the U.S. (50.0%), showing little difference between them.  The EU, named by 23.2%, was about one-half of
Japan the U.S.
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Figure 3.12-2   Current leading countries  (%)
12.6. Comparison with the 6th survey (previous survey)
Of the 52 topics included in the latest survey, 7 (14%) were identical to those of the previous survey, 23
(42%) were modified, and 22 (44%) were newly introduced.  For identical topics, the results of the latest
survey were compared with those of the previous survey, in terms of degree of importance index scores and
forecasted realization times, as shown in the table below.
Degree of importance index scores rose for 4 topics, and fell for 3 topics.  The degree of importance
index score of topic 32 decreased by about 20.
Later realization times were forecasted for 4 topics, and an earlier realization time was forecasted for 1
topic.  Forecasted realization times of two topics did not change.
Table 3.12-2   Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
09:Development of brain support systems capable of making human
decision-making processes, skills, know-how and experiences accessible
to others for reuse or learning purposes.
61 / 2013 56 / 2013
13:Establishment of a technology capable of measuring human sensations
(e.g. five senses, stress and comfort level) and widespread use of products
designed and manufactured based on it.
55 / 2017 63 / 2013
30:Widespread use of hard coatings generated via the complex-shape
diamond thin-film production technique in sliding surfaces of bearings,
special tools, etc.
48 / 2013 52 / 2006
31:Development of friction surface control techniques (electrical, contact
angle and air resistance) through elucidation of friction generation
mechanisms.
57 / 2016 56 / 2011
32:Widespread use of quick assembly and disassembly techniques which do
not use bolt and nut joints. 52 / 2016 71 / 2010
39:Widespread use of low entropy-generating eco-factories, which give due
consideration to the impact on local ecosystems throughout product life
cycles, from manufacture to disposal.
87 / 2017 86 / 2017
46:Practical use of technologies for mass-producing hydrogen by
decomposing organic substances through application of solar energy and
biological systems.
79 / 2020 78 / 2021
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12.7. Table of survey results
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1 128 16 30 54 52 21 51 25 4 70 12 20 12
2 112 13 31 55 50 15 60 20 5 82 8 14 8
X 15 100 0 0 48 13 60 20 7 60 13 7 7
1 119 11 26 63 75 57 33 8 2 74 21 21 25
2 99 8 26 66 81 67 26 5 2 83 20 12 17
X 8 100 0 0 78 63 25 13 0 63 25 25 13
1 118 13 26 61 58 28 49 22 1 55 19 45 19
2 99 8 28 64 56 22 59 18 1 74 11 42 10
X 8 100 0 0 50 13 63 25 0 63 13 50 25
1 128 22 30 48 66 40 44 15 1 77 42 16 9
2 109 19 31 50 69 41 52 6 1 85 36 11 4
X 21 100 0 0 70 48 43 5 5 86 24 10 10
1 130 15 29 56 61 32 48 20 0 60 8 12 46
2 116 12 31 57 61 28 59 13 0 63 6 7 42
X 14 100 0 0 70 43 50 7 0 64 14 7 21
1 134 14 28 58 71 45 48 5 1 82 7 24 26
2 115 14 27 59 75 51 46 2 1 86 5 15 20
X 16 100 0 0 94 88 13 0 0 81 13 19 13
1 175 26 42 31 71 47 45 8 0 83 27 24 15
2 146 25 43 32 72 46 50 4 0 89 23 13 11
X 36 100 0 0 79 58 42 0 0 94 25 22 8
1 173 23 38 39 63 35 51 13 1 73 15 20 35
2 143 24 36 39 65 35 57 7 1 81 9 13 33
X 35 100 0 0 75 50 50 0 0 74 9 14 34
1 151 23 30 46 64 32 57 10 0 69 7 25 50
2 128 23 27 50 61 27 65 9 0 77 2 16 50
X 30 100 0 0 73 50 40 10 0 60 3 10 53
1 154 19 30 51 71 50 38 9 3 72 23 22 41
2 130 18 27 55 78 59 35 5 2 82 17 15 36
X 24 100 0 0 81 71 21 0 8 75 21 13 25
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Importance (index, %)
Development of technology capable of forming
metal objects of any shape without using a mold.
Practical use of processes capable of customizing
material through material manufacture control
technology at molecular and atomic levels.
Development of technology that facilitates
autonomous improvement of machinery
performance by means of intelligent materials
that can adapt to external environments.
Development of technology to increase the
service life (2–3 times the current level) of
equipment by improving the surface
characteristics of metal materials (wear — 1/100;
rust — 1/100).
Length, displacement and surface roughness
measurement to the angstrom order, and
measurement to the femto-second order become
possible.
Practical use of angstrom-order ultra-precision
processing technologies (machining, analysis, testing
and in-situ monitoring) as a result of advancements in
beam technology (ions, electrons and lasers), control
technology, and sensor technology.
Widespread use of virtual manufacturing systems that
support manufacturing activities such as design,
development, production, operation, maintenance and waste
disposal (optimizing and improving the efficiency of
processes, facilitating applications for approvals, etc.).
Practical use of systems that support engineers’
creativity and conceptions in the design,
development, production, operation, maintenance
and waste disposal processes.
Development of brain support systems capable of
making human decision-making processes, skills,
know-how and experiences accessible to others
for reuse or learning purposes.
Establishment of a common global language (including software)
that can express manufacturing-related information and
knowledge, leading to development of interface technology
capable of accurately communicating information, including
intentions, through a human-machine-information system,
regardless of differences in language and culture.
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n
New laws, effects and phenomena based on
microtechnology give rise to radical changes in
designing artifacts and designing manufacturing
processes.
Widespread use of autonomous adaptive systems superior in
flexibility, safety and maintainability within massive systems
formed by the networking of various machines and devices as
a result of structural changes in the internal condition of the
system and environmental conditions.
Establishment of a technology capable of
measuring human sensations (e.g. five senses,
stress and comfort level) and widespread use of
products designed and manufactured based on it.
Practical use of mounting technology at the
several µm level capable of realizing ultra-small
wearable devices that integrate optoelectronics,
microelectronics, and micromachines.
Widespread use of a local (remote areas)
manufacturing system without a trial production
process that produces image prototypes with 3-D
digital models, and transmits digital data to the
manufacturing plants.
Practical use of a lifelong product tracking system
in which IC chips capable of identifying product
information (manufacturer, material, parts,
performance and modifications, users, etc.) are
inserted into every manufactured product.
Practical use of technology capable of measuring
displacement in the 100kHz and higher frequency
band with a resolution of one angstrom in
manufacturing processes.
Widespread use of manufacturing technology for controlling
specified characteristics so that subsequent testing is
unnecessary through in-situ monitoring of chemical reactions
and feedback to the control system in highly complex and
precise manufacturing processes, such as LSI manufacturing.
Development of semiconductor microprocessing
and measuring technology of 1nm resolution for
manufacturing 0.01 micron-rule LSI.
Widespread use of technology for checking and
maintaining equipment and facilities with
advanced and complex functions from outside the
factory.
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Advances in digitalization and increased
sophistication of industrial robots give rise to
radical changes in job opportunities and job forms
for workers in the manufacturing industry.
Development of a comprehensive database
through which information on manufacturing
technology in each country is available over the
Internet for optimum manufacturing.
Widespread use of a reconfigurable
manufacturing system capable of promptly and
flexibly adjusting product output in systems that
manufacture a broad range of products.
Widespread use of non-fossil energy sources
(wind, geothermal, PV/solar heat, and waste heat)
in all areas of manufacturing.
Widespread use of cogeneration systems (fuel
cells and micro-gas turbines) in the
manufacturing industry.
Widespread practice of downsizing of
manufacturing facilities (1/2–1/4 of current size)
to save energy and space.
Development of energy-saving manufacturing
processes with artificial high-performance
catalysts capable of being used at near normal
temperature and pressure conditions.
Practical use of technology for optimizing energy
usage in the manufacturing processes through the
storage of large amounts of electricity
(superconductors, flywheels, and condensers).
Widespread use of technology for storing and
using energy (100Wh or less) generated by body
movement as a low load power source.
Widespread use of hard coatings generated via
the complex-shape diamond thin-film production
technique in sliding surfaces of bearings, special
tools, etc.
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X 15 100 0 0 100 100 0 0 0 40 80 13 7
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Development of friction surface control
techniques (electrical, contact angle and air
resistance) through elucidation of friction
generation mechanisms.
Widespread use of quick assembly and
disassembly techniques which do not use bolt and
nut joints.
Practical use of machinery parts with a self-
lubricating function so that the supply of lubricant
to machine tools is no longer necessary.
Widespread use of dry processing technology that
does not use lubricants in deformation and cutting
processes so that at least 80% of these processes
are through the dry method.
Widespread use of net-shape processing with a
precision of about 1µm in material processing
(casting, sintering, and plasticizing).
Widespread use of self-assembling garage
manufacturing in which user items (computers,
small cars, bicycles, etc.) are manufactured in kit
form.
Development of technology that controls the
thermal deformation of machine tools as desired.
Widespread use of robots for work in hazardous
or extreme conditions in the manufacturing
processes to ensure worker safety.
Widespread use of low entropy-generating eco-
factories, which give due consideration to the
impact on local ecosystems throughout product
life cycles, from manufacture to disposal.
Widespread use of a design-manufacturing-
collection-recycling system in which
manufacturers are obligated by law to collect and
dispose of disused products, and at least 90% of
used material is recycled.
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1 126 13 20 67 82 65 31 4 0 40 94 13 6
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Widespread use of zero emission factories as a
result of advances in the development of carbon
dioxide collection technology.
Widespread use of a “production–destruction”
manufacturing system in which a production system of
“design --- production --- use --- disuse” is combined
with a resources recycling system of “collection ---
dismantling and sorting --- reuse --- production”.
Widespread use of technology that assesses
potential risk at an industrial estate, company or
manufacturing facility by assuming a multiple
chain accident, and estimating the damage
caused, including the impact on the surrounding
Development of flexible actuators that are
functionally equivalent to human muscles and can
be applied to small, lightweight robots.
New laws, effects and phenomena based on
biological functions give rise to radical changes
in designing artifacts and designing
manufacturing processes.
Practical use of technologies for mass-producing
hydrogen by decomposing organic substances
through application of solar energy and biological
systems.
Practical use of manufacturing processes that
utilize the functions of microorganisms living in
extreme environmental conditions (e.g. ultra high
pressure and high pH).
Widespread use of manufacturing systems where
elderly or disabled people can work without
difficulty.
Practical use of a system that gives a warning of
the possibility of human error based on real-time
analysis of human actions at a manufacturing site.
The relationship between universities and companies becomes much
closer through such measures as expansion of internships in the
science and engineering field, greater interchanges between industry
and academia, and expansion of corporate cooperation in research
and education, and through this, universities in Japan come to play a
greater role in technological innovation in manufacturing.
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Highly competitive outsourcing service companies
specializing in design, trial manufacturing, production,
management, etc. expand, and virtual enterprises that
utilize these companies effectively become the
mainstream in the manufacturing industry.
Females account for 50% of researchers and
technicians in the manufacturing field.
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13. Survey results in “Distribution”
13.1. Trends in noteworthy domains
13.1.1. Significance of technology forecast in the distribution field
It is very pleasing to me, as a researcher in distribution, that distribution has been added as an
independent theme for technology forecasting.  The force driving the progress of distribution is clearly
technological innovations.  Since no country, including Japan, has ever forecast future technological
innovations, the latest technology forecast must have been the first attempt in the world.  However, the
distribution field does not pursue technological breakthroughs within the field; rather, mainly technological
breakthroughs achieved in other fields are transferred to the distribution field.  Further, the technologies also
shift, from industrial technologies to information technologies.  As such, the times when such technologies
would be transferred to the distribution field were mainly forecasted.  In this case, since the technologies are
relatively well known in other fields, the forecasted results are not likely to be surprising.  It may be a matter
of course that the many forecasted results were such that those new technologies would be considerably used
in the distribution field about 10 years to 15 years in the future.  If this forecast survey is continuously
conducted also in future, it is expected that we will be able to identify how the results of technological
research in Japan will spread in the distribution field to innovate distribution.
(Yoshihiro Tajima)
13.1.2. Living and distribution
Main factors that change distribution include (1) transportation, (2) movement of information, and (3)
changes in consumer lifestyle.  When people moved on ships and horses, stores gathered in ports and along
highways, but when railways developed, shopping centers were formed in front of stations.  However, today,
when automobiles are used for shopping, people go to stores that can be accessed without traffic snarls and
that have parking areas.  Recently, rather than in suburbs, large shopping malls are constructed near
expressways, to attract shoppers from wide ranges.  Selective behavior of buying at nearby stores on
weekdays, and of buying in the suburbs using cars, or in urban shopping quarters using trains and buses, on
weekends, will take root.  According to the survey, the possibility of individual persons using home delivery
services is rather low, but it can be considered that home delivery services may be gradually increasingly
used in B2B.
Also, how consumers obtain merchandise information changes distribution.  In the age when mass
communication was not developed, the information from stores was important, and consumers had to buy
trusting the stores.  Window shopping was an important information source.  In time, mass communication
began to present merchandise information, and consumers went to stores based on merchandise information
obtained from mass communication.  Further, sometimes consumers purchased merchandise without going
to stores.  Henceforth, merchandise information will be increasingly obtained from the Internet, rather than
from mass communication.  For information software, such as music and books, the content can be directly
obtained at homes.  As such, record sellers, booksellers, and game software sellers will have to offer values
that make it worthwhile for consumers to really visit them.  In this sense, stores may turn into meeting places
full of novel sense information, by 30 years from now.  At any rate, opportunities for electronic transactions
will expand.
In the latest survey, it was forecasted that topic 36 would be widely used within 10 years.  It is already
partially realized, and the problem lies rather in cost and the administrative institution than in technology.
So, it will develop smoothly as forecasted.  It was forecasted that the two topics 12 and 13 would be realized
in a rather medium range.  These topics relate to sophistication and labor-saving in home delivery services,
and how much they are necessary could not be judged yet.  Further, it was forecasted that four topics: 04, 29,
37, and 34, would be realized in about 20 years.  These topics are seemingly not yet technologically
completed, and they will cause changes in consumer attitudes and habits in purchase actions.
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Third, consumer lifestyle changes also affect distribution.
If an urban population increases, the number of stores in the city also increases.  In the case of Tokyo, as
a leading city, in the 1960s, expansion into the suburbs occurred, to form shopping quarters in front of
stations, and in the 1970s, underground markets and higher-storied buildings were constructed.  In the 1980s,
24-hour operation progressed, and convenience stores flourished.  In the 1990s, urban redevelopment took
place, and recently, large factory outlet malls near resorts and amusement facilities constructed around large
cities, have attracted customers.  This reflects the consumer change in lifestyle, in which people enjoy
shopping when they go out for leisure and resorts.
From the viewpoint of how and when distribution would be changed by the change of lifestyle, it was
forecasted that the responses to topics 39 and 03 would advance relatively early, within 10 years.  “Green”
consumers, “silver” consumers, and “digital” consumers will affect distribution in the near future.
(Toshimi Tanaka)
13.1.3. The global environment and distribution
(1) Getting rid of the system of mass production, mass distribution, mass consumption, and mass waste
Forty years have passed since the Japanese economic society constructed the mass production, mass
distribution, mass consumption, and mass waste system.  This system discharged large quantities of waste
and consumed enormous energy, also discharging large quantities of greenhouse-effect gases.
Sophistication of the economy quantitatively increased the waste, and diversified and complicated the waste
in the respective stages from the collection of resources for production to the discharge of waste, and also
magnified the residual volumes to be finally disposed, increasing loads on the environment.  It is urgently
required to convert this socioeconomic system into a recycling-type socioeconomic system.  The “Basic
Environment Plan,” formulated by the government, stipulates the positive efforts to be made to inhibit waste
generation, to reuse used products, to recycle materials (to use collected waste as raw materials for
recycling), and to thermally recycle (to use waste difficult to recycle, or large in load on the environment, as
energy).  In the relation between the environment and distribution, problems related to systems appear to be
rather larger than technological problems.
(2) Inhibition of waste generation
The starting point of environmental protection is the inhibition of waste generation.  In movements of
the past several years, the quantity of discharged municipal waste has leveled off at a slight increasing
tendency, not at one of a decrease.  According to 1996 data, which are the latest available, every person
discharges 1,114 g per day of waste, and the entire population discharges waste corresponding to about 140
times the volume of Tokyo Dome per year.  This is a negative stock for environmental conservation; it not
only aggravates the living environment and the production environment but also imposes an enormous
disposal cost.  It is obvious that we cannot leave this situation as it is, and the inhibition of waste generation
should be a base for considering environmental issues by industries, as well as by individuals.
In the latest questionnaire, topic 09 ranked very high (84) in degree of importance, suggesting high
concern in this field.
(3) Recycling of packaging materials
In addition to the inhibition of waste generation, if the recycling rate of used products exceeds the
quantity of discharged waste, the environmental load will be reduced.  Among municipal waste, that of
containers and packages accounts for one-fourth by weight, and 60% by volume.  As such, the responsibility
of distribution is great.  Supermarkets and convenience stores proposed a convenient lifestyle, but on the
other hand, the containers and packages produced a large quantity of waste.  The widespread use of
automatic vending machines promoted the mass discharge of beverage cans.  As for recycling situations,
cans and glass bottles are recycled at 70 to 80%, but waste paper is recycled only at one-half.  The recycling
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rate of PET bottles is about 3%.  The average recycling rate of containers and other packages, as a whole, is
as very low, at about 10%.  Conversely speaking, we can say there remains sufficient room for
improvement.
Laws related to waste and recycling were revised and enacted one after another, including revision of
the “Waste Disposal Law” and enactment of the “Recycled Resource Use Promotion Law,” respectively, in
1991; enactment of the “Containers and Packages Recycling Law” in 1994, and enactment of the
“Household Electric Appliances Recycling Law” in 1998, intensifying regulations concerning waste and
recycling, little by little.  Further, enactment of the “Recycling Society Law,” covering the environment in
general, seems to be elaborately planned.
In Germany, an advanced recycling socioeconomic country, the first “Waste Law” at the federal level
was enforced in 1972, and the concept of a recycling economy was introduced in about 1990.  As such, it
took 20 years for a consciousness and systems concerning waste disposal to take root at the national level.
Also in the latest questionnaire, topic 39 ranked high (68) in degree of importance and was forecasted to be
realized as early as 2011.  Japan, which began to tackle recycling later than Germany, should take advantage
of its overtaking position, and it must reach very high levels in the inhibition of waste generation,
reuse/recycling, and disposal problems, by 30 years from now.
(4) Accumulation of air pollution
Further, since distribution involves spatial movements of products, the gaseous emission problem must
also be taken into account.  Also in the physical distribution field of the questionnaire, topics concerning
efficiency enhancement and productivity improvement were high in degree of importance, and this also
shows the direction of global environmental protection.
Motor vehicles, as emission sources involved in moving materials and people, tend to consistently
increase in both the number of owned cars and driving distance.  As an NOx emission source, motor vehicles
account for a very high rate (among the emission sources in the regions specified in the NOx Law, motor
vehicles account for 51%).  As such, regulation against gaseous emission from cars is being intensified, and
more local governments are expected to impose regulations, as the Tokyo Metropolitan Government does.
The motor vehicle industry is expected to pursue technological innovations also in this area.  However,
self-imposed control, and the establishment of standards and rules, within the industry should precede them.
(Junko Fukuda)
13.1.4. Information and distribution
The noteworthy topics in the “information and distribution” domain are “EDI” and “e-marketplaces,”
in enterprise-to-enterprise distribution/transactions, and “Database marketing” and “electronic money,” in
enterprise-to-consumer distribution/transactions, and the trends of the topics are generally described below.
(1) EDI
EDI (Electronic Data Interchange) is a system to exchange information necessary for commercial
transactions as electronic data.  The functions of EDI have expanded, from the transmission and reception of
ordering information, to the exchange of physical distribution information, and further to the exchange of
settlement information.  EDI is expected to allow general paperless transactions in the future.  Further, it is
said that EDI must be made open beyond the respective frameworks of industries, and be internationally
standardized.
EDI started from the EOS (Electronic Ordering System) widely used in the 1980s.  The EOS transmits
and receives ordering information, and, in view of functions, at first the functions of placing and receiving
orders developed.  Following the 1990s, the functions are expanding from placement and reception of orders
to physical distribution, and further to settlements.  For example, in EDI for physical distribution, the data
for planned reception of ordered commodities, reception data, and the like are exchanged, and in EDI for
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settlements, invoice data and payment data are exchanged.  Up to the present, however, EDI for physical
distribution and settlements is not as widely used as EDI for placing and receiving orders.  In future,
information on all transactions will be exchanged through EDI, and perfectly paperless transactions will
take place.
EDI has employed the method of exchanging data through, for example, a VAN exclusive for each
industry, and the closed nature of EDI has sometimes been indicated as a problem.  In recent years, EDI
using the Internet (WEB-EDI) has been introduced, and the development of EDI in such an open manner is
expected for the future.
Further, smooth practice of EDI requires the standardization of formats.  If information can be
exchanged with all business acquaintances using the same formats, the effect of EDI can be maximized.  In
Japan, EDI formats are different from enterprise to enterprise, and from industry to industry, and it is
necessary to standard the formats commonly available for all industries and regions.
Also in the latest questionnaire, topic “33” showed a degree of importance index of 63.0 (fifth place),
indicating the widely recognized importance of this problem.
(2) e-Marketplaces
An e-marketplace is an electronic marketplace in which multiple enterprises sell and buy merchandise
and services on the Internet.  Though the history is very short, e-marketplaces are likely to affect all scenes
of inter-enterprise transactions in the future.
e-Marketplaces develop most in the U.S., and already many exist for various industries, ranging from
producer goods to consumer goods.  Also in Japan, e-marketplaces for steel, building materials, chemical
products, electronic parts, foods, and office appliances are established.
In the e-marketplaces, merchandise information and price information, for deciding on transactions,
are exchanged, and further, physical distribution information and settlement information after conclusion of
transactions are also exchanged.  In the future, e-marketplaces are likely to absorb the existing EDI functions,
and will develop diversely.
Also in the questionnaire, it was forecasted that topic 30 would be realized in 2013, and that e-
marketplaces would greatly affect inter-enterprise transactions in 10-odd years to come.
(3) Database marketing
Database marketing refers to a method in which attribute information and purchase behavior
information of consumers are stored in a database, for implementing precise marketing policies based on it.
Database marketing includes an aspect of research, to deeply understand consumers, and an aspect of
promotion, to present information in careful responses to consumers’ needs.  Database marketing has great
potential for great development and innovations in both aspects.
In the aspect of research, the development and management costs of a database have been reduced, and
analytical techniques, such as data mining, have advanced, allowing mass storage and analysis of data.
Further, opportunities for enterprises to collect consumers’ data are also increasing.  For example, retailers
who issue customer cards to collect purchase results of respective customers as POS data, are increasing.  In
this connection, it was forecasted that topic 32 would be realized in 2013, and the information of surveys of
this kind is presumed to increase.
In the aspect of promotion, since the cost of getting in touch with consumers has been reduced
considerably, owing to the Internet and the like, it is easy to present information tailored to respective
individual consumers.  Already, many retailers are known to use different patterns of promotion and
communication in response to past purchase results of consumers.  It is expected that an environment will be
developed in which deeper understanding of consumers will be able to be used for more effective marketing.
(4) Electronic money
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Electronic money refers to a value of money replaced by electronic information, and it is expected to
realize cashless daily shopping, like debit cards.  Electronic money that can be used in general stores is of the
IC card type, and money information is written by means of special terminals.  Electronic money and debit
cards have an advantage that the service fee is low, since post-settlements are not necessary, unlike credit
cards.
For the questionnaire, topics 37 and 38 were set concerning electronic money.  About 80% of the
respondents said the former would be realized, but about 50% said the latter would not be.  That is, it was
forecasted that, though cashless shopping would definitely advance, unmanning registers would not ensue.
(Hirotaka Kato)
13.1.5. Future of physical distribution technologies
Typical topics of physical distribution high in the ranking of realization, forecasted in the latest survey,
and those that were low, were as follows:
- Topics of physical distribution high in the ranking of forecasted realization (14, 15, 22)
- Topics of physical distribution low in the ranking of forecasted realization (12, 13, 16)
Judging from the latest survey as a whole, it is estimated that physical distribution technologies will
advance mainly with the sophistication of the information system.  From the above results, the following
directions can be seen.
- Mainly, technologies to enhance the efficiency of physical distribution between enterprises will definitely
progress and be widely used, but end physical distribution, directly connected and adapted to individual
consumers, will be considerably restricted.
- The progress and widespread use of physical distribution technologies concerning global environmental
conservation and the like, are highly likely to be energetically promoted, but it will be based on the
conventional transport infrastructure.  Innovation of the transport infrastructure itself is less expected.
Based on the above-mentioned situation, let us foresee the future of physical distribution technologies.
It can be considered that physical distribution in the first half of this century will develop in three major
aspects of efficiency enhancement, convenience improvement, and global environmental conservation,
according to the sophistication of the information system.
For efficiency enhancement, first, it can be considered that physical distribution activities prone to be
labor-intensive will achieve unmanning and mechanization.  For example, systems to automatically place
orders based on sales trends and stock conditions will be rapidly and widely used in the coming 10 years.
The area that requires labor most, at present, is the work of itemizing and displaying, and robotized
unmanning will be attempted in this area.  However, it is said that the widespread use of robotized
unmanning will be realized considerably late.  The display work within retail stores is also labor-intensive,
and robotization of the work will take place, though its widespread use will also be realized late, according
to the general view.  Itemizing and displaying work is delicate and must respond flexibly to situation
changes, and apprehension as to how well robotization can solve the problem seems to linger in the
background.  The second point for efficiency enhancement is stockless distribution.  Flexible adaptation of
production, and the sophistication of the information system will enable reduction in the stock of
intermediate distribution to be realized relatively early.  For example, this can be achieved by a system in
which, when the stock of a commodity displayed in a store is found to be below a certain level, the
commodity is immediately replenished from the factory.  It will greatly save on the cost of intermediate
distribution.  The third point for efficiency enhancement is remarkable progress in standardization.  In this
case, it is important that the international standardization of pallets, containers, and the like is remarkably
widespread, to meet the globalization of distribution.
For convenience improvement, first, it is considered certain that what cargo exists where will be able to
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be traced, to facilitate the process management of physical distribution.  Second, such information as traffic
conditions, road conditions, and meteorological conditions will be available for physical distribution work,
as required, to improve the quality of physical distribution.  Third, a system to automatically replenish
necessary things at home, and a system to allow immediate home delivery services of desired things, will
also be developed, but it was forecasted that their widespread use would be realized relatively late.
For global environmental conservation, first, it can be considered that administrative institutions and
systems for recycling waste will be remarkably widespread.  Second, to avoid the traffic congestion caused
by frequent physical distribution, technologies to allow foods to be stored for longer periods of time will be
widely used.  Further, technology to transport cargo by air, and drop it at necessary points, to drastically
decrease the congestion of roads, will also be developed, but many respondents could not predict when the
technology would be realized.
(Yukihiko Uehara)
13.1.6. Production and distribution (supply chain)
(1) Flow toward closer interaction between production and distribution by use of IT
One business management method using IT, with which industrial circles have been grappling with
high interest in recent years, is SCM (Supply Chain Management).  In this method, the activities of
enterprises, ranging from manufacturing to distribution, are interlocked and integrated through an
information network across enterprises, to optimize production and supply management adapted to the
trends of demands, i.e., to realize the merchandise supply needed in the market while reducing stock and
cost.  In Japan, SCM began to be widely discussed in industrial circles in about 1998, but in the U.S., efforts
for practical use had already started in the latter half of the 1980s.  It includes QR (Quick Response)
activities, in the apparel industry, and ECR (Efficient Consumer Response) activities in the fast moving
consumer goods industries.  Further, since the management system and the business process must be
reorganized when the new management method is introduced, the method is also called BPR (Business
Process Reengineering).  Moreover, from the viewpoint of relations among enterprises, the method is also
called the strategic alliance by manufacturers, distributors and retailors.    In this case, the method also
includes the aspect of sales activities.
Such a method is employed because the business environment has changed to the point that
consumption is mature enough to seek variety of items and to shorten the product life cycle; sales channels
are diversified; networks for procuring raw materials and sales of items are internationalized and globalized,
and there is a tendency for lower prices under a low-growth economy.  In this situation, enterprises are now
required to provide items and service which meet the needs of individual customers at low prices.  It is
necessary to identify and analyze customer needs, to quickly and accurately identify sales trends, to
establish preparedness to allow optimum supply adapted to respective sales channels, and to reduce costs.
(2) Progress of IT and application of IT to business methods
The development of information technology (IT) has supported these new management methods, and
the foundation of IT is due to the progress of data exchange technologies and data management and data
analysis technologies.  The reason SCM has been widespread in recent years is that a large technological
change of downsizing in networks has allowed enterprises to introduce the method easily, in view of both
cost and technologies, and it has provided novel added values not available till then.  Main conventional data
exchange technologies were VAN (Value Added Network) and EDI (Electronic Data Interchange), but in
transition to Internet technologies, systems called net exchanges or e-hubs or e-marketplaces (electronic
marketplaces) are being widely spread.  The data management and analysis technologies include multi-
dimensional analysis by OLAP (Online Analytical Processing) based on DB (Database) and DWH (Data
Warehouse).  It must be recognized that intra-company networks, such as LANs and Intranets, personal
computers, and servers, have been functionally elevated to support the above-mentioned technologies.
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As for relation between these developments of IT and real business, many enterprises have made
efforts to adapt themselves to changes of the management environment.  The manufacturing industry
progressed from QC to TQC in the 1980s, and subsequently grappled with planned management in the
procurement of raw materials, production, and distribution using IT, and further grappled with management
in accounting & finance , human resource,  and sales activities.  These activities are generally called ERP
(Enterprise Resource Planning).  The distribution industry used POS data for merchandising analysis, item
assortment, store space management, replenishment in response to the sales movement, and store staff
management.  Recently, the distribution industry has been using the purchase history data of individual
customers, derived from shoppers cards, in addition to POS, for merchandising analysis.  For product
identification codes, next-generation type, contact-less intelligent tags are being introduced, to replace the
bar codes recognized by scanners.  They are used at POS registers, and are also being used for store
inventory control and item tracking in the physical distribution process.  They can also be used to prevent
shoplifting in the stores.  Topic 21 was 51 in the degree of importance index, and 74% in the contribution to
socioeconomic development.
When information technology implementation at individual enterprise progressed up to a certain stage,
information exchange on transactions between respective enterprises began.  In the latter half of the 1980s,
electronic ordering using EDI were widely employed, mainly in  chain stores, also in Japan.  Thereafter, the
area of data exchange expanded to cover financial settlements, sales plans, and supply control.  Recently an
integrated approach, called CPFR (Collaborative Planning, Forecasting, and Replenishment), has interested
in the consumer goods industries of advanced countries, including Japan.  In CPFR, suppliers and
distributors jointly develop merchndising plans; they forecast demands more accurately by referring to, for
example, past sales results, and they optimize production and replenishment based on the forecast.  Topic 19
was 77% in the contribution to socioeconomic development.
As remarkable trends in the future, it is expected that the net exchange using Internet technology will
promote a collaboration among enterprises to realize a strategic alliance among manufacturers, distributors,
and retailers covering the range from product development to sales activities to customers, and that
electronic marketplaces will enable manufacturers to broaden sales and distribution channels and will help
distributors to increase vendors, at low costs.  In view of contribution to socioeconomic development, topic
27 was very highly recognized (91%), and topic “30” was similar (85%).  This result agrees with that of the
management topic referred to in the beginning, to realize low prices while responding to diversified needs
individually.
(3) To accelerate the realization of topics
On the other hand, the means especially necessary for realization of topics at the level of industrial
circles include standardization of the information technology infrastructure, based on interaction among
industries, academic societies, and governments; deregulation of business activities, and development of
competent workers.  Standardization of the technology infrastructure is necessary to allow smooth exchange
and utilization of data through networks.  This may allow more sophisticated system development and
provide users with more choices of hardware and software.  In particular, it is difficult for small to
medium-scale enterprises to invest enormous amounts of money into systems; that is, to develop  their own
systems.  As such, combinations of software packages will be realistic solutions, and inter-operability of the
software packages is key to the integration of systems.  Topic 33 was 63 in the degree of importance index,
and was recognized as the highest priority means (58%) to be taken by the national Government to intensify
the interaction among industries, academic societies, and governments, and also among respective business
fields.  Deregulation of business activities must allow to accelerate the entry into other business fields
besides the existing ones.  Particularly, restrictions on the content and categories of activities will act as
roadblocks to inhibit the realization of new economic optimization in structural changes.  Topic 02 took
second place (55%) in the deregulation or abolition of regulation.  For raising competent workers,
information-processing engineers who can respond to new technologies are also necessary, but it is also
necessary to raise white-collar workers who can use new tools presented by IT.  It is especially necessary to
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offer opportunities to re-educate existing managers on new technologies.  This was not highly evaluated in
the responses as a means to be taken by the national Government, but it is necessary to recognize that this
topic is important for industrial circles.
(Fuminobu Naramura)
13.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating objective. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the  topics.
Topic Framework for Distribution field
Domain
Objective
Commercial
distribution (supply-
demand joining
functions)
Physical distribution
(physical
distribution
functions)
Information
distribution
(information
exchange functions)
Financing
 (settling functions)
B2C 01 02 12 13 25 34 35 36Activation,sophistication,
and demand
creation B2B
03 04 05 06 14 15 16 26 27 28 29
B2C 07 37 38Efficiency
enhancement and
productivity
improvement
B2B
08 09 10 11 17 18 19 20 21 22
23 24
30 31 32 33
<Peripheral topics such as social systems>   39 40
- B2C  （Business to Consumer）
- B2B  （Business to Business）
13.3. Topics with high degree of importance
The responses (excluding those of respondents of professional degree “Zero”) on the degree of
importance for Japan were as follows.  The degree of importance index for the field of “distribution” as a
whole was 46.6.  The topics especially high in the evaluated degree of importance for Japan (topics of 51 or
more in the degree of importance index) were as shown in the table below.  The high-ranking topics include
many related to the environment and recycling, but also include topics relating to barrier-free technology
and IT.
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Table 3.12-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
14:Widespread use among at least 80% of industries of a system in which used
or waste products are recycled safely and efficiently on an industry-wide
basis rather than on a company or corporate group basis.
86 2015
09:Widespread use by at least 80% of companies in the food sector of zero-
waste or 100% recyclable product development within the distribution
process, including packaging.
84 2015
39:The necessity of preventing the deterioration of the global environment
through various consumption and purchasing actions (e.g. recycling, and
reducing packing paper) is accepted by consumers, and charges are applied
to at least 80% of shopping bags and packing paper.
68 2011
03:More than 80% of retail shops in major department stores, supermarket
chains, and convenience stores are able to meet the special needs of people
who face difficulties in shopping (e.g. elderly people, parent with children,
and wheelchair users).
66 2012
33:Widespread use by at least 80% of companies of an globally standardized
EDI (electronic data interchange) format. 63 2012
40:Implementation by administrative organs or the tertiary sector of public
information or education initiatives that will enable consumers to accurately
judge composition, configuration, specifications, etc. for almost all
commodities.
63 2014
22:Widespread use by at least 80% of companies of globally standardized
pallets and containers. 57 2013
10:Widespread use by at least 50% of companies of a system of product
development in which environmental changes such as meteorological
conditions, changes in the international situation, business conditions and
consumer preferences, and fashion trends are forecasted and incorporated
into corporate strategies.
54 2015
23:Widespread use by at least 80% of companies of a system that
comprehensively considers the various kinds of data that affect delivery,
such as traffic, road conditions, and weather conditions, and the location and
condition of the store to which delivery is to be made so that delivery is
completed over the shortest distance and time.
53 2015
30:EC transactions (e-purchases from virtual markets, e-marketplaces, etc.
over the Internet) between manufacturers, wholesalers, and retailers account
for more than 80% of total business transactions.
52 2013
05:Use of a home delivery system in which various goods ordered to different
companies are delivered in a single lot accounts for more than 50% of all
deliveries.
52 2014
36:A service that evaluates the security of the e-commerce system of
individual companies and report the results is used by 80% of consumers
who use e-commerce services.
52 2011
21:Widespread use by at least 80% of companies of intelligent tags for product
identification, quality control, and product tracking in distribution channels. 51 2013
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13.4. Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.  In comparing the
distribution of forecasted realization times of all the topics, and the distribution of forecasted realization
times of the distribution field, about 90% of the responses on the forecasted realization times for the topics
of the distribution field are spread in a range from 2011 to 2015, and the peaks are spread in the same trends
as for all the topics.  However, the realization rates in the distribution field tend to be higher than those of all
the topics.
Figure3.13-1   Forecasted realization times
13.5. Current leading countries
The responses to the question concerning current leading countries, etc., were as shown in the diagram
below.  Named by 64% of the respondents, the U.S. ranked No. 1 in distribution as a whole, followed by
Japan and the EU, respectively, named by almost the same numbers of respondents.  Also many respondents
answered “Don’t know.”
Figure 3.13-2   Current leading countries  (%)
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13.6. Table of survey results
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1 124 17 35 48 43 9 48 40 4 36 6 86 8
2 101 14 32 54 38 4 47 42 6 36 4 88 4
X 14 100 0 0 52 15 62 23 0 50 0 100 0
1 132 27 35 39 50 18 48 32 2 48 2 78 8
2 106 24 37 40 46 12 50 35 2 39 2 82 3
X 25 100 0 0 60 28 56 16 0 36 0 100 0
1 136 33 27 40 67 38 51 10 0 38 6 99 1
2 106 32 29 39 66 34 60 6 0 36 3 96 2
X 34 100 0 0 69 38 62 0 0 32 0 94 0
1 134 28 35 37 46 14 48 34 5 48 4 80 3
2 109 28 34 38 42 8 48 39 5 40 5 88 0
X 31 100 0 0 45 10 55 32 3 45 3 90 0
1 133 27 41 32 55 28 41 27 4 53 30 71 2
2 110 23 44 34 52 17 61 17 5 47 19 73 1
X 25 100 0 0 64 36 52 8 4 60 24 56 4
1 138 34 38 28 29 3 25 54 18 30 6 65 1
2 108 33 41 26 25 1 16 65 18 24 3 79 0
X 36 100 0 0 32 3 31 56 11 28 6 86 0
1 126 31 37 33 47 19 40 31 10 52 2 66 2
2 105 25 39 36 44 12 48 31 9 46 5 63 2
X 26 100 0 0 57 31 38 27 4 54 4 69 4
1 110 20 34 46 50 25 34 29 12 35 66 17 7
2 92 16 36 48 48 20 42 28 10 23 70 11 4
X 15 100 0 0 68 53 20 20 7 53 47 13 0
1 127 20 41 39 80 62 33 5 0 38 91 26 8
2 102 16 41 43 84 69 29 2 0 27 84 18 4
X 16 100 0 0 91 81 19 0 0 44 81 19 6
1 120 29 39 32 53 20 53 24 3 58 30 63 14
2 99 23 41 35 54 18 65 15 3 58 23 61 5
X 23 100 0 0 70 43 52 5 0 70 17 57 9
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At least 50% of households use a system in which an
individual makes a design of a product (clothing, general
goods, furniture, etc.) on a personal computer and transmit it
to a manufacturer's host computer to allow the product to be
manufactured on a made-to-order basis in a factory after
receiving the design from the host.
More than 20% of retail shops earn more from
their services (consulting, agent, etc.) than from
their goods sales following the expansion of e-
commerce.
More than 80% of retail shops in major department
stores, supermarket chains, and convenience stores are
able to meet the special needs of people who face
difficulties in shopping (e.g. elderly people, parent with
children, and wheelchair users).
Sales from on-line shopping through a digital
network (shopping through virtual malls) account
for more than 50% of total sales by retail shops.
Use of a home delivery system in which various
goods ordered to different companies are
delivered in a single lot accounts for more than
50% of all deliveries.
Retailer’s PB (private brand) products account for
more than 50% of the total market in food and
general goods.
Widespread use at the consumer purchase stage of a cost-plus
pricing system in which, unlike current practices, product prices
are set based separately on maker price (ex-factory price,
producer price) and intermediate distribution service price
following the expansion of e-commerce, and prices for at least
50% of goods purchased are set by this pricing system.
Widespread use in Japan of a system in which each industry
sets its own appropriate annual production volume (including
imports and exports), and individual companies set their own
production levels on the basis of these standards as a means
of reducing the environmental load of excess production.
Widespread use by at least 80% of companies in
the food sector of zero-waste or 100% recyclable
product development within the distribution
process, including packaging.
Widespread use by at least 50% of companies of a system of
product development in which environmental changes such
as meteorological conditions, changes in the international
situation, business conditions and consumer preferences, and
fashion trends are forecasted and incorporated into corporate
strategies.
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13 2 10 69 9 0 21 22 17 14 12 46 18 7 4 5 31 23 6
13 1 8 76 6 0 14 23 16 10 8 65 19 6 3 4 45 26 4
14 0 14 64 14 0 14 7 29 7 0 57 43 7 0 0 43 7 0
7 4 12 83 8 0 10 27 14 14 11 37 43 11 3 1 33 20 6
8 3 11 89 4 0 5 28 9 6 5 52 55 8 2 1 52 23 4
8 0 20 92 8 0 4 28 8 8 4 60 60 8 0 0 60 20 4
4 2 7 48 60 0 13 21 20 10 13 13 21 49 1 0 10 7 6
3 1 4 40 78 0 5 18 15 8 8 10 22 60 0 1 14 8 5
6 0 3 38 82 0 0 15 6 3 0 6 26 68 0 0 15 12 6
29 2 7 89 7 1 4 22 15 13 12 42 41 16 3 1 41 28 6
28 0 6 94 4 0 1 18 10 7 6 55 52 15 1 3 57 32 4
39 0 3 97 3 0 0 16 10 0 0 68 52 6 0 6 65 26 3
14 1 28 40 5 0 32 10 22 12 11 22 56 10 2 10 23 5 4
16 0 28 46 3 0 32 8 21 8 5 22 73 6 2 7 36 5 5
16 0 40 44 4 0 24 4 20 8 0 28 76 0 4 4 44 8 4
54 6 12 46 36 0 14 11 9 9 5 12 26 8 4 7 25 7 8
44 5 5 60 39 0 8 13 5 4 5 10 44 5 5 5 31 7 6
44 3 6 53 50 0 3 14 11 3 6 14 42 3 6 3 36 8 8
19 12 6 66 11 1 21 7 14 9 5 16 38 13 5 2 16 12 6
14 10 2 80 9 1 17 5 12 3 5 13 54 10 3 3 22 10 7
31 0 0 81 12 0 19 4 15 8 4 12 42 15 8 4 12 12 8
38 11 6 14 33 2 38 7 34 20 13 8 14 35 0 4 5 15 18
35 10 5 11 37 2 45 7 41 13 12 4 11 51 1 3 5 23 18
33 7 13 13 33 7 47 13 33 27 20 7 27 40 7 7 7 33 20
9 9 6 17 66 1 17 13 48 38 33 16 12 56 2 9 6 3 8
8 6 3 13 77 1 12 9 57 26 27 12 13 66 0 8 8 4 7
13 0 0 0 88 6 6 6 69 44 44 6 13 69 0 6 0 6 13
12 4 18 65 9 0 19 33 38 30 27 13 13 3 2 7 7 12 8
8 2 15 77 8 0 16 34 52 38 20 14 7 1 0 5 5 16 8
9 0 26 78 13 0 0 43 43 30 30 22 17 0 0 4 0 13 13
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1 133 35 33 32 52 20 52 26 2 74 15 50 5
2 108 32 30 38 49 12 62 24 2 75 8 49 2
X 35 100 0 0 64 31 60 9 0 86 11 51 6
1 121 13 40 47 30 3 28 51 18 26 9 84 7
2 98 12 33 55 28 2 23 59 16 11 6 88 0
X 12 100 0 0 42 17 33 33 17 17 8 92 0
1 120 13 37 51 40 8 42 42 8 30 7 85 5
2 99 9 30 61 37 4 43 45 8 17 7 87 2
X 9 100 0 0 47 22 22 56 0 11 11 100 0
1 130 15 32 53 81 64 30 5 0 54 88 22 8
2 98 10 27 63 86 72 26 2 0 39 92 14 4
X 10 100 0 0 100 100 0 0 0 60 60 10 0
1 134 34 45 22 48 12 58 27 3 59 28 62 5
2 107 28 48 24 44 3 70 25 3 53 21 58 1
X 30 100 0 0 49 7 77 17 0 60 20 67 3
1 85 12 33 55 22 2 16 47 35 20 5 55 2
2 76 9 22 68 18 3 4 53 40 13 4 68 1
X 7 100 0 0 32 14 14 43 29 29 0 71 0
1 121 21 40 40 30 6 24 50 20 42 6 35 7
2 101 14 41 46 26 3 14 65 18 57 2 31 2
X 14 100 0 0 36 14 21 43 21 57 0 29 0
1 109 12 39 50 47 13 53 31 3 41 54 39 6
2 90 8 33 59 46 8 62 28 2 40 60 30 3
X 7 100 0 0 79 57 43 0 0 57 71 43 0
1 138 37 43 20 48 12 59 27 2 66 22 50 6
2 109 28 50 22 46 7 65 25 3 77 13 41 2
X 30 100 0 0 56 17 73 10 0 83 17 50 7
1 128 29 41 30 50 13 61 24 2 72 22 29 7
2 102 23 47 30 45 5 68 25 2 78 15 16 2
X 23 100 0 0 54 13 78 9 0 87 13 17 4
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Widespread use by at least 80% of the distribution industry
of a system in which the companies make comprehensive
analysis on the state of competition, their own strategies,
regional focus, logistics and the like, and provide support for
the opening of branches and their subsequent operations.
Widespread use among 20% of households of a
system that manages the stock of necessities and
automatically replenishes them when required
through a computer link between the household
kitchen or refrigerator and suppliers.
Widespread use among at least 50% of households of a
service that prepares recipes in response to individual needs
based on family information (chronic diseases, age makeup,
diet, taste, health level, etc.), and provides the food products
or semi-prepared or fully prepared meals, taking into account
ingredients, price and delivery method.
Widespread use among at least 80% of industries
of a system in which used or waste products are
recycled safely and efficiently on an industry-
wide basis rather than on a company or corporate
group basis.
Widespread use by at least 50% of the retail
industry of a system for accurately forecasting
weekly demand for existing products at the store
level.
Practical use of an aerial courier system in which
items are delivered from small aircraft,
helicopters or airships using a parachute etc.
Widespread use by at least 50% of major
supermarket and convenience store chains of a
system for unattended sale of products on shelves
in retail shops.
Widespread use by at least 80% of shops of food
preservation technology that increases the shelf-
life of perishables to reduce distribution
frequency.
Use by 80% of the retail industry of a system in
which orders for replenishing stock are sent
automatically based on sales data and inventory
levels.
More than 20% of the retail industry uses a center
with a system operating based on an inventoryless
distribution technology.
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28 7 18 31 7 0 47 12 20 23 14 17 17 6 2 3 33 17 5
32 5 11 35 2 0 50 11 21 32 11 16 14 6 3 3 51 11 3
50 0 8 42 0 0 33 8 17 8 8 17 25 0 17 17 42 17 8
30 8 20 34 15 0 39 19 21 27 14 30 23 8 2 3 42 23 4
30 6 20 37 10 1 40 18 17 21 12 43 23 5 3 3 53 22 2
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5 5 15 22 63 2 16 21 51 48 33 14 22 54 1 4 8 8 8
4 3 7 15 74 0 12 17 57 60 27 13 13 52 0 1 9 7 6
0 0 10 10 70 0 10 30 50 60 40 40 10 30 0 0 10 20 10
16 2 39 63 10 1 12 25 30 22 23 9 7 4 4 4 9 8 6
15 3 36 73 5 0 9 22 43 29 22 7 6 2 4 3 12 8 6
20 0 43 70 7 0 3 33 37 27 23 10 3 0 7 0 10 7 10
54 13 2 36 0 2 44 6 11 11 9 11 24 6 6 27 25 8 4
59 8 0 33 0 3 54 5 5 8 1 8 39 5 7 26 33 8 5
57 14 0 43 0 0 57 14 14 14 0 14 29 0 43 29 57 0 29
35 7 14 45 7 0 32 9 17 28 26 13 12 2 2 3 17 13 7
38 8 6 52 2 0 39 9 11 42 26 10 13 2 3 2 25 12 6
50 0 0 57 0 0 36 7 7 29 29 7 14 0 7 0 29 21 7
26 9 18 41 8 0 38 16 27 39 27 9 26 11 2 10 39 6 4
21 9 17 51 3 0 34 10 21 49 21 4 27 9 2 7 57 7 2
14 14 0 57 0 0 43 14 29 43 14 0 29 0 0 14 71 14 0
6 4 39 75 10 0 6 18 28 29 29 9 11 4 3 4 14 8 7
6 2 39 79 7 0 4 17 34 36 25 7 9 4 2 3 22 6 6
13 0 43 77 7 0 0 27 43 30 20 3 10 7 3 3 30 7 10
4 5 37 68 9 0 9 16 22 26 22 12 19 9 3 9 10 5 5
3 4 36 82 4 0 5 11 24 42 22 7 18 7 3 9 19 6 5
0 0 52 83 4 0 0 17 39 30 9 4 9 9 4 0 17 9 9
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1 102 24 37 39 53 20 53 26 1 64 22 54 7
2 84 17 38 45 51 17 55 27 1 74 12 49 2
X 14 100 0 0 63 36 43 21 0 79 14 71 0
1 115 23 40 37 61 30 56 14 0 73 60 12 3
2 90 17 42 41 57 20 68 12 0 72 59 8 2
X 15 100 0 0 80 60 40 0 0 87 67 13 0
1 122 20 39 41 55 20 63 17 1 69 45 42 7
2 99 13 41 45 53 12 78 11 0 79 48 34 2
X 13 100 0 0 63 31 62 8 0 85 46 31 8
1 112 25 38 38 44 12 48 34 6 66 15 22 7
2 91 18 36 46 41 3 61 30 6 77 9 14 2
X 16 100 0 0 52 13 73 7 7 69 6 25 6
1 128 13 31 55 42 10 46 39 6 38 5 81 13
2 100 11 29 60 43 7 53 36 4 37 1 84 6
X 11 100 0 0 57 27 55 9 9 45 9 100 18
1 74 9 27 64 23 3 13 54 31 11 1 62 9
2 69 6 16 78 25 6 10 54 30 10 0 74 6
X 4 100 0 0 88 75 25 0 0 50 0 100 0
1 131 21 45 34 56 26 48 23 2 82 11 24 10
2 107 14 49 37 51 14 63 20 3 91 5 19 4
X 15 100 0 0 67 47 33 13 7 100 0 33 0
1 139 30 37 33 46 12 48 36 3 62 5 65 7
2 108 25 43 32 45 8 58 29 4 62 2 63 3
X 27 100 0 0 57 22 63 15 0 78 4 63 4
1 122 16 34 50 43 11 44 39 6 40 2 80 11
2 101 11 31 58 40 7 43 44 5 38 1 84 6
X 11 100 0 0 61 36 36 27 0 64 0 82 0
1 135 28 41 31 56 27 47 23 3 84 16 35 12
2 105 23 45 32 52 18 59 19 4 85 6 28 4
X 24 100 0 0 70 46 46 4 4 88 13 29 0
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Widespread use by at least 80% of companies of
intelligent tags for product identification, quality
control, and product tracking in distribution
channels.
Widespread use by at least 80% of companies of
globally standardized pallets and containers.
Widespread use by at least 80% of companies of a system
that comprehensively considers the various kinds of data that
affect delivery, such as traffic, road conditions, and weather
conditions, and the location and condition of the store to
which delivery is to be made so that delivery is completed
over the shortest distance and time.
Fully automated warehouses and delivery centers
that use robots for the order picking process
account for at least 80% of all warehouses and
delivery centers.
More than 80% of households use an Internet
shopping system operating based on speech
recognition technology.
Widespread use by at least 50% of households of
communication terminals that discharge a
fragrance.
Widespread use by at least 80% of the distribution
industry of a comprehensive business database through
which all transactions for manufacturers and
wholesalers can be ascertained instantly, and which can
be used as basis for business decision.
Widespread use by at least 80% of supermarket chains
and convenience stores of a system capable of
comprehensively analyzing shopper's flow, POS data,
new product information, sales strategies, etc., and
altering in-store layout and shelf layout as required.
At least 80% of households use product catalogue
services that utilizes virtual reality.
EC transactions (e-purchases from virtual
markets, e-marketplaces, etc. over the Internet)
between manufacturers, wholesalers, and retailers
account for more than 80% of total business
transactions.
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8 7 31 72 17 0 17 10 40 38 27 8 18 11 3 2 14 8 3
4 6 27 80 10 0 11 10 51 46 17 4 10 11 4 1 20 5 4
7 0 36 93 7 0 0 7 57 43 14 7 7 14 14 0 0 7 7
10 10 18 70 43 3 16 10 41 20 17 9 19 36 4 5 6 4 5
2 10 11 70 34 0 17 9 57 18 11 4 20 36 3 6 8 3 6
7 7 7 73 40 0 13 13 60 20 7 13 13 27 7 0 0 0 13
7 4 44 54 12 0 15 19 37 34 27 7 18 5 2 7 9 6 4
2 4 47 68 6 0 9 17 53 44 22 7 13 2 2 6 12 6 4
0 0 54 54 15 0 0 38 62 62 8 8 0 0 0 8 0 0 15
23 3 45 59 14 2 15 13 29 29 28 6 9 2 3 3 14 4 5
19 0 46 69 4 0 11 11 37 37 31 4 5 1 4 1 15 7 7
31 0 63 81 6 0 0 13 50 25 19 13 0 0 6 0 13 0 13
17 8 13 68 6 1 19 25 25 32 27 16 19 11 2 4 27 15 4
16 5 9 75 3 0 14 25 31 43 22 10 17 8 4 2 41 10 2
36 0 18 100 9 0 0 45 36 36 27 9 27 27 0 9 55 9 0
41 15 9 27 7 0 53 9 12 27 15 7 5 4 4 15 20 14 4
38 13 7 33 6 0 57 9 13 35 17 6 7 3 6 10 28 13 4
25 0 25 50 0 0 50 25 25 75 50 0 0 25 0 0 25 0 25
17 8 23 71 11 0 18 21 32 34 26 8 21 11 3 2 15 10 4
12 7 18 76 7 0 14 20 37 40 21 5 20 7 3 2 21 12 4
20 0 13 93 7 0 7 33 53 40 27 13 27 20 0 0 13 13 0
4 8 47 63 11 0 11 29 27 29 26 12 9 2 3 4 14 12 4
4 6 43 75 6 0 9 31 36 41 21 6 8 4 4 2 18 10 6
11 0 52 89 4 0 0 41 33 33 26 11 11 4 4 0 19 7 7
12 6 19 75 8 0 16 18 20 28 22 16 14 10 4 2 25 17 2
9 5 19 80 4 0 14 15 26 42 20 12 15 9 4 3 40 19 1
0 0 36 91 0 0 0 27 18 36 9 36 9 9 9 0 45 27 0
13 6 18 90 17 1 4 26 35 35 26 16 29 15 3 2 21 13 6
14 5 15 90 11 0 5 22 49 50 21 12 31 10 2 3 29 17 4
17 4 17 92 4 0 0 21 50 38 4 8 42 21 0 0 29 21 4
Leading countries (%)Forecasted realization time
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1 118 24 33 43 39 8 42 41 9 47 7 53 8
2 95 17 33 51 35 3 41 45 11 49 4 59 5
X 16 100 0 0 50 13 63 25 0 56 0 81 6
1 120 25 29 46 40 8 41 45 5 60 6 44 21
2 95 19 33 48 34 3 32 60 5 68 4 39 15
X 18 100 0 0 44 11 44 44 0 89 11 50 17
1 116 25 39 36 66 41 45 14 1 89 25 22 16
2 93 19 43 38 63 32 58 11 0 89 11 17 6
X 18 100 0 0 82 65 35 0 0 89 17 22 6
1 85 11 32 58 49 14 55 27 4 51 5 78 8
2 72 7 25 68 44 7 58 34 1 49 1 78 6
X 5 100 0 0 75 60 20 20 0 60 20 80 20
1 84 11 32 57 46 16 40 42 2 35 4 80 8
2 75 7 25 68 41 8 45 43 4 36 1 81 1
X 5 100 0 0 75 60 20 20 0 60 20 80 20
1 95 12 33 56 53 20 53 27 0 48 5 80 6
2 78 8 28 64 52 16 61 23 0 46 1 85 3
X 6 100 0 0 79 67 17 17 0 50 17 83 17
1 117 14 30 56 48 16 50 30 4 62 5 76 7
2 92 11 29 60 45 9 55 33 3 62 2 78 1
X 10 100 0 0 65 40 40 20 0 50 10 90 10
1 104 13 36 52 41 12 35 46 8 52 3 50 10
2 89 9 33 58 37 8 30 53 8 58 1 52 4
X 8 100 0 0 59 38 25 38 0 25 13 88 13
1 129 16 35 49 66 41 42 16 1 40 81 33 8
2 100 14 32 54 68 41 49 9 0 38 83 24 2
X 14 100 0 0 80 64 29 7 0 64 64 43 0
1 114 16 29 55 67 41 46 13 1 31 35 79 17
2 95 9 26 64 63 31 60 10 0 24 33 80 7
X 9 100 0 0 72 44 56 0 0 22 56 67 0
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Internet advertising accounts for more than 50%
of total advertising expenditure.
Market research through digital networks account
for more than 50% of total survey expenditure.
Widespread use by at least 80% of companies of
an globally standardized EDI (electronic data
interchange) format.
Widespread use by at least 50% of households of
a system that collectively manages all individual
or household account settlements to the best
advantage.
Widespread use of a service that advises when
electronic account payments are exceptional
compared to past payment records (e.g. a series of
higher-than-average purchases).
Implementation by administrative organs or the
tertiary sector of public information or education
initiatives that will enable consumers to
accurately judge composition, configuration,
specifications, etc. for almost all commodities.
A service that evaluates the security of the e-
commerce system of individual companies and
report the results is used by 80% of consumers
who use e-commerce services.
Electronic money (prepaid cards, debit cards,
etc.) is used by 80% of consumers for payments
and settlements for purchase of products
including inexpensive daily necessities.
At least 80% of shop checkouts are unattended as
a result of the widespread use of electronic money
etc.
The necessity of preventing the deterioration of the global
environment through various consumption and purchasing
actions (e.g. recycling, and reducing packing paper) is
accepted by consumers, and charges are applied to at least
80% of shopping bags and packing paper.
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26 9 9 86 11 0 11 19 15 19 16 17 25 16 2 1 15 31 3
28 9 8 88 4 0 9 21 18 14 12 22 39 14 2 1 17 42 1
31 0 6 100 6 0 0 13 25 13 13 13 44 25 0 0 25 50 0
13 8 14 75 9 0 19 26 25 21 16 20 17 10 2 1 22 26 5
13 12 13 82 2 0 15 28 41 17 8 21 14 8 3 1 24 32 2
28 0 11 100 0 0 0 39 33 11 11 22 33 11 6 0 39 22 0
8 3 16 82 34 0 10 23 41 34 27 12 21 21 3 1 13 12 7
8 2 14 89 20 0 5 23 58 33 15 5 19 19 2 1 17 16 4
11 0 11 94 17 0 0 11 72 22 11 11 33 28 6 0 17 11 6
16 15 9 65 13 0 25 16 32 29 16 14 35 18 1 0 42 12 2
7 14 8 75 6 0 15 14 46 29 10 11 43 13 1 0 53 13 3
20 0 20 60 0 0 0 20 40 0 0 0 40 0 0 0 40 20 0
4 8 11 74 17 1 21 14 27 29 20 14 32 23 1 1 43 21 2
0 11 11 77 9 1 16 12 32 39 13 11 40 20 3 0 52 13 3
0 0 20 80 20 20 0 20 60 0 0 0 40 0 0 0 60 20 0
2 9 11 74 14 1 20 19 37 27 20 15 31 32 1 1 29 20 3
0 6 9 82 10 1 13 19 51 27 15 13 32 35 1 0 31 19 4
0 0 17 83 0 17 0 17 33 0 0 17 33 0 0 0 50 33 0
17 7 14 78 33 1 11 15 28 32 16 12 35 26 3 2 37 24 3
20 3 10 84 27 1 7 13 38 34 8 10 48 28 2 1 46 25 2
30 0 10 80 30 10 0 10 60 30 0 10 60 10 0 0 50 30 0
44 14 8 54 15 0 28 13 24 26 23 6 17 16 1 2 39 28 3
46 7 7 57 7 0 29 10 22 40 19 6 19 18 2 1 53 31 1
38 0 13 75 13 0 13 13 38 38 25 13 50 0 0 0 25 50 0
12 5 10 24 64 0 15 16 34 22 13 5 12 49 4 5 7 12 5
7 3 8 19 74 0 9 12 50 23 7 4 10 62 2 4 5 16 4
21 14 7 14 86 0 0 21 43 29 7 7 7 50 0 7 0 29 0
10 11 11 52 50 0 18 25 41 28 20 6 18 49 3 4 7 16 6
7 9 5 58 53 0 14 18 56 23 11 5 15 62 1 2 2 24 4
0 22 11 78 67 0 0 22 44 44 11 0 11 67 0 11 0 22 11
Leading countries (%)Forecasted realization time
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14. Survey results in “Business and Management”
14.1. Trends in noteworthy domains
14.1.1. Macroscopic thought and microscopic thought in management
This series of surveys is conducted every five years, to survey the development of science and
technology in Japan.  For the latest survey, the fields taken up were reviewed, and approaches in terms of
needs were added to approaches in terms of technologies.  As a result, the fields of distribution, business
administration & management, and services were newly added, to reflect the progress of the economy in
software and information.
Till the previous survey, this “business and management” field had been treated in the “manufacturing
and management group.”  Considering that the 20th century was an era of production, it must have been
reasonable to treat “business administration and management” in the “manufacturing and management
group,” since business administration and management had developed mainly in the manufacturing industry,
highest in added value.
But times have changed.  The recent focus is shifting from “how to manufacture” to “what is to be
created” and “how to market.”  This is because added values have become available dispersedly in upstream
and downstream reaches, in the cascade of the business process consisting of potential needs, merchandise
planning, research and development, design, production, physical distribution, sales, services, and
recycling.
Let’s look back at history.  Japanese learned men perceived the Japanese delay in technologies shortly
after the end of World War Two.  It was then clarified that poor productivity, chiefly poor production
management, mainly caused the delay, and in 1955 the Japan Productivity Center was established, to
introduce the techniques and management developed in the U.S. for productivity improvement.  As a feature
of the theories and techniques of management introduced into Japan, those developed one after another in
the former half of the 20th century in the U.S. were almost simultaneously imported into Japan and
practically applied.  A more positive look at this phenomenon depicts that enterprises extracted essences
from those developed one after another, and that a synergism of efforts created Japanese-style management.
Its introduction in this period greatly contributed to the costs and quality of Japanese products, and saved the
postwar age, suffering from scarcity of goods, leading Japan to the economic power often referred to.  It is to
be noted that the introduction of management knowledge from the U.S. seemed to have been a national
strategy intended to resuscitate Japan from the postwar disorder.
Presently Japan is in a turmoil of bad debts and surging structural depression, and it cannot be secure of
earnings, even from the acquired production processes.  In the 21st century, production bases are moving
toward China and other nations, and added values tend to be available in the business process as a whole,
consisting of identification of market needs, research, development, design, production, physical
distribution, sales, services, and recycling.  Hence, considering a commodity, it is necessary to plan a so-
called business model as to where and how to earn from the commodity.
The Japanese economy has stopped rapid growth and is tending toward stagnation.  In this age of
changes, are enterprises and the country sufficiently strategically prepared?  The latest survey was planned
aiming to make the survey useful for establishing strategies in the age of changes as described above.
The survey is aimed at activating enterprises. Not only large-scale enterprises but also small- to
medium-scale enterprises, need to increase competitive business units or new business initiating chances.
Most large enterprises were originally venture enterprises, and it is most important for them to inherit the
energies they had when they were founded, and to maintain management styles leading to business
development.  If an enterprise looks back to the time it was established, it will be noticed that merchandise or
service has been the base, and it is required for technological ability directly connected with the merchandise
to be innovated.
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In the conventional industrial administration, the business process in which management resources are
distributed and recovered is identified macroscopically, and each enterprise is evaluated in reference to the
earning rate and turnover in the entire process.  These evaluation indices are suitable for comparing
enterprises, but such macroscopic evaluation cannot identify the innovation that is a source of business
performance development.
Therefore, for the latest technology forecast, emphasis was placed on microscopic thought,
disregarding the conventional business administration and management thought.  In this case, the cascade of
the business process until the arrival of merchandise at customers was considered, and was decomposed into
sub-processes, to clarify where innovations leading to market creation could exist.  That is, the most
important thing in technology forecast is to forecast where an innovation could take place.
Items determined, for setting a forecast topic, were the domains, as the abscissa:  management style,
planning (management strategy), management (products, funds, organization, financial affairs, etc.); and the
relations (environment) as the ordinate:  information (network), politics & economy (globalization), global
environment & resources & energy & materials, administrative institutions and laws (taxes & patents), labor
force (low birth rate in conjunction with more elderly citizens & employment of foreigners).  Based on them,
questions were set.
The latest technology forecast was based on the concept that science and technology produces
innovations; that the innovations activate enterprises, and that the results lead to economic development.
Whether or not the survey sufficiently played the intended role must be left for evaluation in the future.
A simple look at the results of the survey in this field, seems to reveal that the interest in “business
administration and management” is rather low, but it can also be interpreted to mean that the interest in
management is dispersed in respective technology fields.  The surveyor in charge of management wishes to
stress that any splendid technology cannot bring about a good result if the management for commercializing
the technology is wrong, and that the management in each technology field has a significant meaning in each
phase.
The results of the survey also show that the U.S. is overwhelmingly superior in the field of management,
but it should be noted that some management systems produced out of the past business practice in Japan
were excellent, and that new systems of the Japanese style are highly likely to be produced also in the future.
The surveyor expects the results of the latest survey to contribute to the establishment of business and
national strategies in respective areas.  What is important, in this case, is how to interpret the survey results.
An enterprise is a group of persons, and management is carried out by persons, and is not a simple
technology.  It must not be forgotten that, though management is evaluated macroscopically, management
itself is based on innovations pursued from a microscopic viewpoint, and that only persons can achieve the
innovations.
(Jun Numata)
14.1.2. Management theories and management techniques in relation to actual management
Important in actual management are insight into “the future potentials of the business,” “the
competitiveness of the business,” based on the potential, and quick “decision-making” for actual practice.
The management theory science, and management technique science, at universities are not focused on
such insight or subsequent practice, and they teach extracted theories and techniques only.  Hence, they are
gradually departing from actual management.  This tendency similarly occurs also in business schools, and
numerically expressed management analysis has its way.  In every case, management is evaluated only in
reference to efficiency from a macroscopic viewpoint of investing resources and recovering from the
investment, and the learning is far from acquiring essential management knowledge.
“Good management” and a “good company” are often discussed, but no large company exists that has
been good from the beginning.  In other words, most large companies must have been venture enterprises.  It
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is difficult to inherit the energy devoted at the time of foundation for subsequent business development, and
a company that has endured the difficulties can grow into a large company.  If an enterprise looks back to the
time it was established, it will be noticed that merchandise or service has been the base, and it is required that
sales ability, technological ability, cost competitiveness, and the like are successively innovated also
thereafter.  The places where the innovations are generated can be confirmed when the business process in
the enterprise is identified from a microscopic viewpoint.
Further, an enterprise is a group of persons, and management is carried out by persons and is not a mere
theory or technique.  Management is evaluated macroscopically, but management itself is based on
innovations pursued from a microscopic viewpoint.  And only persons can achieve the innovations.
In addition, what must not be forgotten is the aspect of the “manageability” of an excellent manager.
This is similar to a company in one sense, and the manageability is the “personal self” of the manager who
has endured difficulties.  Without understanding the view of life and ideas of the manager, the company and
its management cannot be understood, and it can also happen that the company does not develop because of
the manager.
Looking back, the assembly industry started from flow production in the American automobile
industry in the 20th century, and grew into the mass production age of household electric appliances in Japan
in the latter half.  The prosperity in Japan based on it was enabled by the acquisition of production
techniques from the U.S. after the War, needless to say.  This saved the postwar age suffering from scarcity
of goods, leading Japan to the economic power often referred to, as a matter of fact, but at the end of the
century, it produced environmental issues as a side effect.  It is next to impossible to accurately forecast the
business environment of the 21st century, but it can be almost forecasted that resource-saving, recycling of
resources, high efficiency, and the like will be key factors.
The 20th century was an age of production, and added values were generated in production and sales.
However, in the 21st century, the production bases are moving to China, and Japan will be placed in a
position similar to that of the U.S. in the 1970s and 1980s.  Though this situation can be estimated to occur,
is Japan prepared for it?  Looking back at the U.S., American learned people thoroughly analyzed Japanese
management in the 1980s.  It revealed Japanese style mutual understanding promotion methods, such as
kaizen (remedial actions), nemawashi (maneuvering behind the scenes), nominication (communication
among colleagues at drinking houses after office hours) and shoshudankatsudo (activities of small work site
groups for proposing remedial actions) (originated from the U.S.).  The U.S. did not directly introduce these
methods into the business management, but realized them as the sharing of information on the computers
and networks in the 1990s.  This is considered to have been a revival strategy for the U.S., which had
suffered from the twin deficit.
Japan is presently suffering from bad debts and the need to reduce and adjust the excess structures in
supply, employment, and debts.  The acquired production and sales sub-processes do not produce earnings.
This requires Japan to make added values available also upstream or downstream of production, in the
business process consisting of confirmation of needs, research, development, design, production, physical
distribution, sales, services, and recycling.  Recently the term “business model” is often heard.  This
expresses that the added values of enterprises are made more available in the contents services rather than in
the hardware; in other words, that the added values once available in production and sales are now made
available in the business process as a whole.
Another business environment is globalization.  Apparently, Japan, the U.S., and European and Asian
countries are interconnected macroscopically, and further, respective enterprises will also be interconnected
in the internal management of sub-business processes for globalization.  However, at the same time, it must
not be forgotten that such network globalization has counteraction, as the 21st century is called the century of
races.  At any rate, the waves of IT innovations are steadily surging, whether we like them or not.
In addition, “the differences in the economic environments of respective countries and regions,
particularly the differences in such conditions as regulations and infrastructures,” in the global competition,
make the situation more complicated.  It must not be forgotten that they will affect enterprises and the
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economic development of countries and regions more than hitherto.
Finally, it is desired to plan precise science and technology strategies with foresight into the future in
the beginning of this century of innovations.  Enterprises of the 21st century are required to embrace such key
factors as resource-saving, recycling of resources, and high efficiency, and it is estimated that business
processes producing added values will also be widely and globally spread.  Mere management theories and
techniques will be increasingly less useful for actual management.  The latest technology forecast was
framed to include questions challenging real management, but whether or not they could play the intended
roles sufficiently, must be left for future evaluation.  It is hoped that the results of the technology forecast
survey conducted by the Business Administration and Management Subcommittee will be useful for
planning Japanese science and technology strategies to cope with the century of innovations.  The surveyor
sincerely hopes that technology forecast surveys useful for planning national strategies and enterprise
strategies will also be conducted in the future, to identify the essence of management, and he appreciates
having had the opportunity to participate in the latest survey.
(Yukio Nagashima)
14.1.3. Information (network)
Information processing (IT technology) in the business administration and management field will keep
progressing also in the future, without doubt.  However, the number of respondents who said that emphasis
as a priority area should be placed on information technology, at present, was second largest, after global
environment technologies, among the six technology areas, but that for 10 years later ranked No. 4.  This is
considered to suggest that information technology must be grappled with immediately, but that 10 years later,
information technology will be a matter of course and be replaced by other important areas.  In fact, the
average realization time of information-related topics in the business administration and management field
is 2011.  The technologies related to business administration and management that presently urgently need
to be established, and that are already in progress, include environmentally conscious design technology, a
(backbone system based on use of the Internet (ERP:  Enterprise Resource Planning), the construction of a
supply chain management system, sales support technology (SFA:  Sale Force Automation), a customer
management system (CRM:  Customer Relationship Management), a logistics system, shop floor execution
control and management technology (MES:  Manufacturing Execution System), and collaboration of
enterprises.  It can be said that these will be completed in the coming 10 years.
Let’s look at the business administration and management field more generally.  If the questions of the
latest questionnaire are classified into the technologies for supporting “enforcement of bussines processes,”
technologies for supporting “enterprise form or enterprise organization,” like a virtual enterprise, and
technologies for “decision-making in an enterprise administration,” it can be seen that the possibility of
realization declines in this order.  This means that business management highly depends on human
experience, and management’s ability to “read” the market and products -- and many experts think
automation of management is equivalent to management by computer -- and that, irrespective of the time
taken for development, no perfect technology will be able to be realized.
These results are analyzed below in detail.
(1) Discussion in reference to the degree of importance
i) The topics of the business administration and management field belonging to the frame of
information are 12: 01, 02, 07, 08, 09, 10, 11, 19, 20, 21, 29, 30.  These are called information topics in this
report.  Furthermore, the topics related to information are six: 03, 12, 16, 17, 22, 27.  These are called
information-related topics.  If the information topics and the information-related topics are put together, they
total 18, which corresponds to about half of all the topics of business administration and management (38).
Since IT is presently advancing, and is forecasted to deeply permeate the business administration and
management environment, it is adequate to set these topics as important topics for the questionnaire.
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ii) Of all the 38 topics on business administration and management, the top 20, considered to be
important for Japan by the respondents, included four information topics, and their average ranking is about
8.75 in terms of place – not very high.  The top 20 topics include three information-related topics, and their
average ranking in degree of importance is 11.3 in terms of place.  Putting these topics together, the average
ranking of the topics concerning information processing, in degree of importance, is 10th place.  These
topics are low in degree of importance, probably because IT is considered as a matter of course in the
processing of activities for design and manufacturing, and in the processing of transactions.  On the other
hand, it is not easy to employ IT for the substance of business administration and management, such as
decision-making and the support of management itself, and the top five topics not considered to be realized
among business administration and management topics, included four information topics.  They were, in
particular, topic 01 (4th place in the number of responses stating that the topic will not be realized:  scientific
clarification on the method of decision-making), topic 11 (1st), topic 20 (5th), and topic 29 (3rd).
iii) It is to be noted that topic 11 ranked No. 3 in degree of importance but No. 1 in impossibility of
realization.  It was judged that a vicious circle of prevention technologies and crimes would be repeated
forever, and that, though the topic could not be left untouched and should be grappled with as an important
topic, it would be impossible to reduce the crimes by half.
(2) Topics in which Japan is considered to be superior
i) Topics 08, 12, and 22 ranked No. 1, No. 2, and No. 3 respectively, in the number of responses
affirming Japan’s superiority, among all the topics.
ii)On the other hand, the top five topics in the number of responses negating Japan’s superiority
included no information or information-related topics.  The topics in which Japan was not considered to be
technologically superior, are education of company management, matters related to the employment of
foreigners, and standardization of use of English in international enterprises, i.e. non-IT topics of business
administration and management.
iii) It can be said that, in the information-related topics, Japan is superior compared with other topics.
The application technologies in which Japan is superior are considered to progress also in the future, with
Japan keeping its superiority.  IT education, and the raising of application engineers to further use Japanese
advantages and abilities, will be important.  However, education in Japan tends to be aimed at raising groups,
not raising individuals.  This reflects the present situation in which Japan is not perfectly superior in the
R&D of fundamental technologies in the business administration and management field, and it leaves
problems yet to be solved, such as education.
(3) Contribution to socioeconomic development
i) The top ten topics considered to be high in the degree of contribution to socioeconomic development
included four information-related topics.  Their average ranking was 6th place.  This result does not suggest
that the information-related topics are superior compared with other frames, but it can be said that these
topics are high in the degree of contribution, on average.
ii) Network technologies are expected to keep advancing also in the future, and the convenience of
social life using them will also continue to improve.
(4) Negative effect
i) Topic 21 ranked No. 1 in the number of responses suggesting a large negative effect in view of safety
and security.  It can be seen that, though technology will be widely used to improve convenience, the
respondents felt problems in view of security, administrative institution, and infrastructure, because a simple
keying operation can cause large amounts of money to circulate internationally.
ii) Topic 08 ranked No. 3 in the evaluation of negative effect on ethics, culture, and society.  This topic
is advancing in Japan, and it was forecasted to greatly change task procedures and service styles.  On the
other hand, it was feared that excessive management could provoke the problem of privacy.
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(5) Topics concerning questions to be set in future surveys
i) In view of business administration and management of enterprises, the management of knowledge
will be increasingly important.  In the latest survey, a question concerning digitization of information was set.
What information is to be digitized, and the accumulation of “management knowledge” based on
information-sharing, will also become important.  This technology is never easy, like management
decision-making depending on people, but since it will be important along with its methodology and
utilization technologies, it will be a future topic.
ii) At present, business models attract attention.  Before IT is employed in the management of an
enterprise, the problem to be solved is how the enterprise will make compatible both satisfying customers
and securing satisfactory earnings for the enterprise.  Otherwise, even if efficiency enhancement within the
enterprise only is pursued, the enterprise cannot be managed.  These new business models will not be
confined as information-related topics, such as e-business and marketplaces, and it is considered that the
problem of intellectual properties concerning management will be involved, to increase topics in the future.
iii) The speed of management is important.  At present, a statement of accounts is published several
months after completion of the settlement of one year, and this situation is far from the real-time
management of an enterprise.  However, since the sophistication of the ERP system and the immediate
processing of mass information by a network will advance, such management indices will be able to be seen
immediately.  In such a situation, the quality of management will rely more on the immediate judgment
ability of people.  Information collection and simulation technologies to support them will become
important.
iv) The low birth rate, in conjunction with more elderly citizens in Japan, is considered to rapidly
advance in the future.  The will of Japanese elderly citizens to work is considered to be relatively high, but
the social environment is not adapted for it, in fact.  Information technology and management issues to
support them will be more important in the future.  These topics must also be increased in the future.
(Shunji Mohri)
14.1.4. Politics and economy
(1) Advance in the global economy
“Business administration and management” covers management resources, such as people, things, and
money, and if it is tried to forecast the future image of “business administration and management” aimed at
the optimization and efficiency enhancement of management resources, it is greatly affected by the
movements of politics and economy.  Among the items of politics and economy, the most influential factors
are the policies of deregulating international transactions and employment, and further, the progress toward
a global economy, brought about by the reduced consciousness of geographical time and distance and
national borders, based on the development of high precision information communication technology and
transportation means.
The global economy has facilitated the movements of people, things, and money, and intensified
international interdependence.  However, the laws and administrative institutions concerning commercial
transactions, enterprises, and employees, and further, cultures and languages, still remain as barriers.  For
example, the development of networks has made electronic transactions technically possible, but the
validity of electronic contracts, protection of copyrights, taxation, verification of individuals, protection of
consumers, cognizance, responsibilities of mediators, and other matters still remain as pending problems.
However, the issues pending as present barriers will be harmonized beyond national borders based on
common rules 30 years from now, and technological innovations will reduce the cultural and language
barriers.  Hence, globalization will advance significantly compared with the present.
i) Perfection of the employment environment for foreign workers
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The advance in globalization, along with a long-term shortage of employment population and a
shortage of information communication engineers, due to Japan’s low birth rate, in conjunction with more
elderly citizens, will expand employment opportunities for foreigners, and the rate of foreigners in the
Japanese employment population will rise.  For competent IT staff, an international qualification system will
be established, and qualified workers will be able to be freely employed irrespective of nationalities.
The inter-process division of labor with foreign enterprises, and outsourcing to foreign enterprises, will
be accelerated.  The language barrier with foreigners will be eliminated at home and abroad, since an
automatic translation system will develop to almost perfection, and the employment of foreigners will be a
matter of routine practice.
ii) Emergence of an open economic society
The development of information technology has made information dispersed less unevenly across
regions and organizations, to promote the emergence of a network society, and the development of networks
has caused marketplaces using the web to emerge.  Industrial organizations had pursued higher efficiency in
terms of interaction cost, by means of vertical integration and affiliation for internal reorganization, but the
aforesaid development has brought about efficiency and economic benefits that could not be achieved by
internal reorganization.  As a result, an open economic society allowing outsourcing to external
organizations has emerged.  The emergence of marketplaces has caused network venture enterprises, such as
ASPs and data centers, to emerge, and it also affects the employment structure between individual
employees and enterprises.
iii) Disclosure of enterprise information
The global economy will accelerate international fund-raising by Japanese enterprises.  Above all,
fund-raising from the capital market will increase, and along with it, the foreign shareholder rate will also
increase.  It will be required to disclose more detailed enterprise information -- above all, accounting
information.
In 30 years a global information network will have developed, and in the global consolidated
accounting, an international accounting standard using daily report management routinely, and an
accounting system to support it, will be widely employed.  Further, the differences in the concept of
corporate governance existing among Anglo-Saxon, Continental, and Japan will be overcome, and
legislation, such as Commercial Law, will be globally harmonized.  Enterprises will be able to identify their
own trends instantaneously, and investors will also be able to know the trends of enterprises instantaneously.
iv) Copyright protection management and distribution of contents
Digital contents, such as music and images, will be able to be transacted globally.  Historically, the
copyright management of sticking stamps to package media has been different from country to country, and
furthermore, since copy guard technology is not absolute, efforts to protect against illegal copying have been
ineffective.
However, 30 years from now, international rules for copyrights will be in place, and protection
technology and charging technology will be established under the rules, to activate network distribution.
(2) Progress in IT infrastructure perfection
By 2005, the “e-Japan strategy,” aimed at constructing an information network on the highest level in
the world, will start.  Under new industrial policies, ideals states will be realized in the information
communication infrastructure environment, and in legislation to activate electronic transactions between
enterprises and consumers, and between enterprises and enterprises.  Further, competent IT workers will be
nurtured, and electronization of administration (electronic government) will be realized.
i) Electronization of administration
Electric communication between enterprises and government offices will be realized, and bidding,
application and declaration acts, tax payment acts, notarial acts, and others will be carried out through the
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Internet.  For bidding, drawings and other mass data will also be submitted electronically.  Along with the
electronization of annual revenue and expenditures, various taxes, such as corporate tax and income tax, will
be paid electronically, and necessary data will also be filed as electronic data.  Final returns will also be
submitted through the Internet.  As a result, procedure and management activities in close relation with
government offices in the sales, accounting, and general affairs departments of enterprises, will be
electronized.
ii) Change of legislation related to labor
The Labor Standard Law and other legislation related to labor based on employment at business
establishments, will be changed, to be adapted for employed persons to work in private homes and remote
offices, and also for telework, which will respectively take place in the information network society and in
the aging society.  As a result, working housewives and elderly citizens will increase.
(3) Perfection and progress of the business initiation environment
To activate the economy and create employment, it is absolutely necessary to encourage business
initiation spirit to create new industries and new businesses.  For this purpose, it is necessary to change the
administrative institution for nurturing and using competent workers, and the administrative institution for
offering funds needed to initiate businesses.  Above all, it is absolutely necessary for government to perfect
the business initiation environment, and it will greatly affect business management in the future.
i) Improvement of university education
To activate business initiation, it is necessary to cultivate competent persons who can industrialize
ideas and technologies.  It is important that students, irrespective of whether studying liberal arts or science,
be trained to acquire ability to prepare business plans and give theoretical presentations to entice investment,
and to actually accomplish them.
The university chartering standard will be eased, to allow the principle of competition to be introduced
into universities, and to allow curricula to be recomposed flexibly, and the discretion of university education
will expand in the future.  “Special postgraduate courses,” with emphasis placed on practical education, such
as case studies and business initiator courses, will be expanded.  As a result, 10% of students will initiate
venture enterprises, instead of being employed by existing enterprises.
ii) Interaction between industries and academic circles
In Japan, one-third of researchers work in universities, and more than 20% of R&D funds are used in
universities.  However, Japan is remarkably behind other countries in terms of technology licensing to
industries.  In American universities, teachers themselves act as business initiators, and developed
technologies are licensed to enterprises, for practical use of research results.
Also in Japan, cooperation between industries and academic circles, and a system to license
technologies to enterprises, will be expanded, to allow teachers to positively take part in business initiation
activities; to allow TLOs to be established, and to allow teachers of national universities to also work as
directors of enterprises.  In this way, the systems of universities will be reformed, so the results of research
produced in universities will lead to the creation of new businesses and new industries, and new businesses
will be produced from universities, one after another.
iii) Legislation tailored to promote business initiation
(a) Expansion of the stock option system and the tax system
The present stock option, admitted in the Commercial Law as revised in 1997, was only available for
directors and employees of the company concerned.  When a new business was established as a subsidiary,
the stock option could not be used as an incentive for the directors of the subsidiary.
However, according to the Special Measures Law to Resuscitate Industrial Vitality, when a subsidiary
is established based on a business reconstruction plan approved by a competent minister, the stock option of
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the parent company is available for the directors and employees of the subsidiary.  Further, as a special
treatment legally admitted, when a subsidiary is established by means of MBO (Management Buy-Out) or
EBO (Employee Buy-Out), the number of shares that can be given can be increased up to one-fourth of the
issued shares.
This special treatment will be approved as a system for general business initiation.  As a result, in
addition to new businesses, even an unprofitable business will be able to continue management without
retreating, if the management and employees invest capital.
(b) Introduction of limited liability business associations
To allow advancement into highly risky new businesses, such business styles as LLC (Limited Liability
Company) and LLP (Limited Liability Partnership) are admitted in the U.S.  The business styles have a
feature that every investor has limited liability and is given a benefit in view of taxation (a system in which
the loss and profit of the business can be added to the loss and profit of each investor).
Also in Japan, limited liability business contract systems, similar to LLC and LLP, will be able to be
founded.
iv) Perfection of a foundation to entice risk money
The U.S. has many so-called “angel” individual investors and many venture capitals that invest in
venture enterprises and pick out and raise business initiators.  Hence, there is an environment in which risk
money flows into venture enterprises, to support venture enterprises in terms of funds.  In contrast, presently
Japan is behind the U.S. in the perfection of a high-risk/high-return-type direct financial market to entice
risk money, and venture enterprises must resort to indirect financing based on the guarantee of individuals.
In the future, a foundation will be perfected to allow active and smooth investment into venture
enterprises (an “angel” tax system and tax incentive measures for venture capitals).
(4) Intensification of regulations for product eco-design obligation, to realize a recycling society
i) Expansion of the product recovery obligation
The recovery of household electric appliances, such as TV sets and refrigerators, by makers has begun.
Thirty years from now, recovery of almost all household electric appliances and office apparatuses, by
makers, will be obligated.  Makers will be motivated to engage in eco-design, to minimize the recovery and
dismantling man-hours.
ii) Regulations of energy consumption for resource-saving
Present household electric appliances are not regulated in power consumption, but 30 years in the
future, eco-design, which regulates power consumption of all household electric appliances, will be
obligated.  Further, at offices, paper consumption and electric power consumption will be regulated.
iii) Obligation to disclose environmental management information
In all business processes of enterprises, including technological development, new product
development, and equipment investment, enterprises will be asked to respond to symbiosis with nature and
to a recycling society, and for this purpose, the introduction of environmental accounting, environment
auditing, and information disclosure will be obligated.
(Hiromichi Morimoto)
14.1.5. The global environment, resources, energy and materials
Not being limited to the business administration and management field, the solution of various
global-scale problems and responses to environmental problems can be said to be a factor greatly affecting
the direction of technological development.  In the business administration and management field, the
viewpoint of “the global environment, resources, energy and materials (hereinafter called environmental
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topics)” has two aspects:  “environmental management,” with environmental protection incorporated in the
management system, and “environmental business,” handling environmental protection directly.  The latest
survey took up four environmental topics, all of which correspond to “environmental management.”
“Environmental management” in enterprises has advanced, as can be seen from the start of the
international standard “Environmental Management System (ISO14000 series),” in 1996, and
“environmental reports” and “environmental accounting” have become widely spread in respective
countries within a short time.  These movements reflect efforts to improve the efficiency of various activities
triggered by the environment, public relations of enterprises for investors and consumers, and risk avoidance
in preparation for future legislation.  It is estimated that the international standardization of “environmental
management” will further advance in the future; that the scope of handled environmental management will
expand, and that environmental accounting and environmental auditing will be institutionalized and
obligated.
It is supposed that efforts of enterprises for environmental protection in production fields will further
advance in the next several years.  The efforts will not be confined within waste measures, energy measures,
and water resource measures of factories, such as the “zero emission factory,” the “eco-factory,” and the
“inverse factory,” and 100% reuse of parts and materials, as is already realized with disposable cameras, will
be spread in various fields in the future, as the obligation of recovery by makers is expanded and
institutionalized.  Further, efforts are being made not only for the conventional responses to treatment and
recycling in the downstream region of production activities, but also for comprehensive responses covering
the life cycle of products, including the upstream region of production activities, such as material selection,
design, production methods, product dismantling, and facility and parts reuse, called “eco-design.”
“Environmental business” is a domain expected to grow greatly also in the 21st century.  In particular,
energy-related business, which has been highlighted again because of the global warming issue, since the oil
shocks, shows many-sided spreading, including conversion into renewable energy, introduction of energy-
saving systems (fuel cells, etc.), and the formation of a green power market newly needed by consumers.
Further, the intensification of legislative regulations for waste disposal and recycling, and the responses to
new legislative regulations, such as the PRTR law, are prompting the creation of new business domains,
such as the removal and treatment of harmful substances, the development of various recycling systems, and
the development of environmentally considered materials.  Needs for cleaning of water, soil, and air are
forming a new market, as the influence of pollution by various chemical substances and the like on the
human body and ecosystem have been clarified and revealed.
The latest survey included four environment-related topics: 05, 15, 26, 35.  The realization times were
distributed in a range from 2008 to 2014, and it was forecasted that three topics would be realized by 2010.
With regard to the degree of Importance for Japan, the total rate of the respondents evaluating topic 15
as “high” and “medium” in degree of importance was about 70%, though the evaluation of this topic was
lowest.  The corresponding rates for the other topics were more than 80%.  So, all the topics were recognized
to be high in degree of importance.  Among respondents high in the professional degree, the rate of the
respondents evaluating topic 26 as “high” in degree of importance, was highest (92%).  The top 20 topics of
all 38 topics included three environment-related topics, and of them, two topics ranked No. 2 and No. 4.
Though the number of environment-related topics was four, it can be seen that they were high in degree of
importance.
In terms of expected effect, “Resolution of global problems” was highest in the rate of expected effect,
ranging from the 70% to the 90% level, followed by “Socioeconomic development,” which ranged from the
30% to the 50% level.  “People’s needs” ranged from the 10% to the 20% level.
In the current leading countries, etc., the E.U. ranked No. 1 in all the topics.  Japan ranked No. 2 in
topics 05 and 26, and No. 3 in the other two topics, following the U.S.  The respondents recognized that
Japan was superior to the U.S. in the responses of production activities of enterprises to waste and recycling.
In effective means to be taken by the government in Japan, the rate of “Reinforce or establish related
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regulations” was highest with all four topics, followed by “Reinforce cooperation among sectors and fields.”
With regard to potential problems in Japan, respondents commented on the difficulty of establishing
recycling routes, apprehension about cost increase, and the limit to effective use of waste to topic 26, which
was second most effective to resolution of global problems.
In the question to the respondents of the business administration and management field, as to what
should be emphasized in the science and technology field, they responded that the field with the highest
R&D priority in about 2010 was global and environmental technologies (92.1%).  In the degree of
importance index by degree of connection with the business administration and management field, “Global
environment, resources, energy and materials” was highest (69.5).  Judging from the contents and comments
of responses to the latest questionnaire, it is considered that the number of environmental topics will
increase with contents expanded and sophisticated in the next and further technology forecast surveys.
(Toshiyuki Murata)
14.1.6 Administrative institutions and laws
Large trends of administrative institutions and laws in the business administration and management
field in recent years are described below.
As technologies affecting administrative institutions and laws, it is considered that IT and other
information processing technologies, in a broad sense, will be important key technologies.  It is indisputable
that environmental problems are important, and the fact that the space age is coming just before us is not
negligible.  However, their influence will be limited, compared with the influence exerted by the
information processing technologies based on IT.  The progress of IT will affect modes of employment in
the future, but this will be discussed in the domain of “Labor Force.”
(1) IT innovations
As to the influence of IT on administrative institutions and laws, it is considered that revolutionary
changes will be completed in several years to come, or within at least 10 years, and followed by gradual
progress.
IT is considered to greatly affect enterprise organizations, first. It is estimated that the change of
enterprise organizations will call for new administrative institutions and laws, to induce changes of
administrative organizations and laws. Enterprise organizations have long been limited to two kinds:
functional organization and divisional organization.  A matrix organization is a relatively recent concept, but
no enterprise is successful with this organization, except ABB.  The term “orchestral organization” can also
be heard, but its entity is not yet clear. Widely in the area of economy, humans have pursued enhancement of
production efficiency by division of labor, and the achievement of an optimum balance in the division of
labor by optimum distributions of resources, to realize the optimum as a whole, thereby improving human
life.
One thing must be clarified in the beginning.  We generally refer to the distribution of resources, but the
resources that can be directly distributed are funds, people, and information.  Production equipment,
technologies, and knowledge are resources that can be optimally distributed as a result of optimally
distributed funds, people, and information.  To enhance production efficiency by division of labor, there
have been consistent movements throughout human history, and no large differences of opinions were
observed.  However, as to if optimal distribution of resources should be carried out through free exchange
(market), or through instructions and coordination, there was much controversy, and both concepts opposed
each other as to which was more efficient.  One of the concepts is that all optimal distribution should be
carried out through instructions and coordination, like communism.  The other concept is that the market is
the most efficient means, and that the method of instructions and coordination should be introduced only in
fields where the market does not work.  This is called a liberalistic economy, and it consists of the market
and organizations called enterprises.  [Government intervention is not discussed here, since business
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administration and management is the focus.)  It can be said that the current of history has evidently declared
victory for the liberalistic economy.
(2) Market and enterprise organizations
In considering the trends of administrative institutions and laws in the future in business administration
and management, it is important to recognize that the market and organizations are relative to each other.
For example, a divisional organization is an attempt to introduce the market principle into the organization.
Further, actually, there exist many styles that can be said to be intermediate between free exchange and
coordination, such as group management for managing a group of divided companies, ownership group
transactions, and continuous transactions.
Why do enterprises construct large-scale organizations to coordinate their resource distribution in a
free-economy society?  Why do gray zones, like group management, ownership group transactions, and
continuous transactions, exist?  These make up a very interesting problem.  Recent research in the area of
economics has clarified the reason for the problem, to some extent.  Space does not allow discussion of the
details here, but a key to the question of if the coordination as an organization is superior, or if free exchange
in the market is superior, seems to lie in the modes of knowledge and information.  If the environment
changes, the organization and the market may be reversed in superiority in terms of efficiency.
(3) Changes of enterprise organizations
First, as a general tendency, as the education level of the people constituting an economic society rises,
the coordination with respect paid to spontaneity based on sharing of objects and information, becomes
more efficient than the coordination by means of commands and orders.  It is noteworthy that Soviet
communism could achieve some results only in the initial stage of industrialization.  If the coordination with
respect paid to spontaneity based on sharing of objects and information advances, classical bureaucracy will
be replaced by a network organization with respect paid to the self-determination of individuals.  As a result,
the differences between employment contracts and commissioning contracts or subcontracts will gradually
vanish, and finally they will be indistinguishable from each other.
Next, as to the theme called information, the superiority of an organization to the market greatly
depends on the information transmission efficiency.  A maker is prone to incorporate the production
processes of parts in its organization, for coordination, since he hates the transmission of detailed
specifications, including the required quality levels of parts, to other enterprises, and the subsequent
negotiations, including questions and answers, in his efforts to secure product quality.  If the progress of IT
makes information transmission highly efficient, the situation may greatly change.  Further, if IT is
developed to allow information-sharing fields to be easily set, the modes of offices will change.  There will
come a time when face-to-face meetings will be held only for special purposes.
(4) Responses to IT
The forecast topics include a topic concerning the general meetings of shareholders and meetings of
directors’ boards on the Internet.  Already there is movement to revise the provisions of the Commercial
Law concerning general meetings of shareholders and meetings of directors’ boards, to make them adapted
for the IT age.  Movements to revise the Commercial Law in Japan in recent years have been very active,
and though a considerable number of the revisions were needed because articles of the Japanese
Commercial Law were too old to suit the present situation, compared with those of America and Europe,
there are also articles that have been revised obviously based on recognition of the coming IT age.
(5) From enterprises to enterprise groups
If information transmission becomes fast, and it becomes possible to exchange information by mail and
to discuss based on complicated drawings on PCs (this is already technically possible), then enterprises will
have to review the economic effect of vertical integration.  The existence of outsourcing enterprises that
undertake the services of indirect divisions is already familiar, and companies of factories alone have started.
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If several factories having different production equipment are connected on a network, and orders received
from customers are placed with the factories that can produce them while the detailed specifications are
negotiated on the network, then management can work satisfactorily.
Also for horizontal integration, it is estimated that cases of handling within each company will decrease.
If the modes of information transmittance of the R&D division and the sales division change, it will not be
necessary for the R&D division and the sales division to belong to one company.  One reason enterprises
become diversified is the motive to effectively use management resources.  This is because the available
range of technologies and knowledge allows applications across multiple markets.  Here is the entity of the
economy of range in economics.  However, in the future, this principle will not be used within one IT
enterprise but will be used as an enterprise group.
It can also be considered that even a present head office organization will become independent, as an
integral strategy planning center of group enterprises, and be managed, collecting strategy planning
commissions, and service expenses for sharing the information of group enterprises, such as market
information, from the group enterprises.
For example, ABB is a large enterprise of 250,000 workers, and it is divided into 5,000 profit centers,
consisting of 50 workers each, on average, and into 1,300 small companies, to develop and manage business
in the world.
 There will an increase in small enterprises loosely connected through a network to form each group.
The difference between a franchised enterprise group and a general enterprise may vanish, and it may
become impossible to distinguish them.  Alliances will become dynamic, and such a phenomenon as an
enterprise of group A tying up with an enterprise of group B, to compete with group C, while another
enterprise of group A ties up with an enterprise of group C, to compete with group B, will be an ordinary
scene.
M&A, division, and transfer of business among companies will be familiar scenes.  These movements
of enterprises will affect administrative institutions and laws, in time.  For example, at present, the problem
of the definition of an enterprise is discussed among scientists only, but there will be cases where the
problem is disputed legally in court.
(6) IT and national borders
However, the problem that is likely to give the most severe headache is national borders.
With the progress of IT, a small Japanese enterprise that thinks its chance of advancing into the world is
the remotest possibility, will be able to tie up with a small enterprise in the U.S.  It will not be a dream for a
small American factory to receive specifications from Japan, and produce objects of craftwork depicting
Japanese folk, for sale to American people, and for a small Japanese factory to receive specifications from
America, and produce American objects of craftwork, for sale to Japanese people.
Even a globally acting enterprise consists of legally independent juridical persons registered based on
the laws of respective countries.
However, if a global enterprise is closely coordinated through a network, the independencies of the
respective juridical persons may change substantially.
It is said that in the initial time of capitalism, the multinational enterprises in Great Britain and on the
European continent could receive reports every three to five years, probably when managers were
exchanged, once they entrusted overseas enterprises to the managers.  Now we can receive reports and
coordinate in hours.  In addition, cash is mere information expressing credit on a network, and simple
operation of computers causes enormous funds to be transferred from country to country.  As an actual
episode during World War II, when Germany occupied France, a multinational enterprise of Jewish origin
ordered the manager in charge of France, to stay in France, and when a Nazi officer visited the manager, he
said, when they had been left alone, that he was also a member of the multinational enterprise, and he
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assured the manager of his availability for consultation anytime, as the officer wished to help the manager in
any way he could.
Since a Nazi was involved, this story was rather a heartwarming episode, but it must not be overlooked
that this was also a case where the interest of an enterprise and the policy of a nation were contradictory.
(7) IT and cash
Since we talked about funds, we should also talk about cash a little.  Forecast topics like electronic
transactions are taken up in other major domains, but we may be the last people to be reminded of paper
money and coins when hearing about cash.
First, cash can be said to be information recorded on a medium.  In this connection, the funds owned by
an enterprise will be, before long, no more than information expressing credit.  Forged money exists still
now.  A system to protect information expressing cash from alteration will be not only a mere technical
problem but also a legal one.
(8) Cyber terrorism
Finally, the problem of cyber terrorism will be discussed.   Since wars per se are waged with high
technologies, the strategy is being directed from direct attacks on the war potentials of an enemy, toward
destroying the communication system, to dysfunction those potentials.  Furthermore, a change of direction
from beating an enemy on battlefields to confusing the economy and information system of the opponent
country, can be felt.
Public international law still now seems to inhibit waging a war in this manner, but it must be borne in
mind that there is a limit to international law, since there is no integral power to enforce it.  In the past, there
was a country that seriously considered forging bank notes to confuse the economy of an opponent country.
A nation or enterprise that will devise a deterrent for cyber terrorism by a method called retaliatory
attack, may emerge in future, and there may arise a need to discus cyber terrorism at the public international
law level, while understanding there is a limit to the efforts.
(Ichiro Takagi)
14.1.7. Labor force
As to the labor force, the theme confronting Japan at present must be the low birth rate, in conjunction
with more elderly citizens, but no forecast topic directly concerning this theme was set.  Since this is clear
reality, it may mean that it is inappropriate to discuss it as a forecast topic.
(1) Acceptance of foreign workers
Several scenarios can be considered to respond to the low birth rate in conjunction with more elderly
citizens, one of which is acceptance of foreign workers.  Topic “24” also concerned the increase of foreign
workers.  This scenario was employed in Europe, but in culturally highly homogeneous Japan, it is also said
this scenario will be difficult to accept.  However, probably economic necessity will break the cultural
barrier.
Japanese culture, formed in a country isolated for 300 years, has peculiar subtlety and formal beauty,
but the heterogeneity and exclusiveness of Japan will be a problem when Japan acts as a member in the
world further globalized in the future.
(2) Introduction of robots
Another scenario is the introduction of robots into households, office activities, and the service industry.
This theme was not taken up as a forecast topic in the Business Administration and Management Sub-
committee, though the reason is unknown, but this must be one scenario that can be considered as a matter of
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course.
Human-shaped robots have received attention recently.  Conventional robots have been used for
production in factories, but they are not human-shaped robots, familiar in animation, and factory robots are
design-shaped optimally for specific purposes.  As to why robots are being shaped like humans,
technological progress must have been a factor, but the main reason must be that needs for robots in
households, offices, and the service industry in the future have started to be recognized.
Health-care robots will also be greatly needed in the future.  Human labor may be exclusively devoted
to the mental care of the elderly citizens.  The “Tetsuwan-Atom” character (an incarnated robot) of Osamu
Tezuka was born in 2003 in the cartoon.
(3) Reemployment of elderly workers
The third scenario is the reemployment of elderly workers.  In this case, is there no scenario in which
enterprises keep employing elderly workers?  If enterprises can reemploy elderly workers, it may be more
realistic for them to retain employees whose dispositions and abilities they know well.  This matter is
discussed below.
Japan uses the lifelong retirement system.  This system consists of lifetime employment and a fixed-
benefit-type pension.  Since it is urgently required to review lifetime employment and the fixed-benefit-type
pension, the system of lifelong retirement will also have to be reviewed.
A problem is that Japanese enterprises have adopted a very distorted salary system, based on lifelong
retirement.  Japanese enterprises have balanced the salary system by paying relatively low salaries and
bonuses, compared with the degree of contribution, while the employees are in the prime of life and highly
contribute to the enterprises, and paying relatively high salaries and bonuses, compared with the degree of
contribution, when the employees become old and decline in the degree of contribution.  The logic of
enterprises is that if you work hard now you will be rewarded later.  This system was advantageous also to
enterprises when the number of young workers was large compared with the number of elderly workers,
since margin profits fell in the hands of enterprises.
However, since aging advanced, the system has changed into one that imposes margin losses on the
enterprises.  As a result, the system begins to have an incentive function to let enterprises unfairly dismiss
elderly workers, who have contributed to the enterprises, without rewarding them for their contribution.
Japanese enterprises will have to employ the American system of paying salaries and bonuses in
response to the degree of contribution.  It can be considered that, if the above problem involved in the salary
system of Japanese enterprises is solved, a way to continuously employ elderly workers will be opened.
However, till then, it must be realistic for enterprises to once dismiss elderly workers and make employment
contracts based on a new salary system.
(4) Reeducation of elderly workers
The reemployment of elderly workers has been discussed mainly in view of the system, but actually
there is another large problem when the theme of reemployment of elderly workers is considered.
When the theme of reemployment of elderly workers is considered, the changes in the social structure,
such as information technology and a high-knowledge society, as taken up also as forecast topics, become a
problem.  Some experts indicate that the presently occurring socioeconomic innovation is comparable to the
industrial revolution.  As the present report is being written, in Japan, a phenomenon is occurring that both
the unemployment rate and the job offer rate are increasing.  In this phenomenon, the workers desired by
enterprises do not match the workers actually left unemployed.  For this reason, it is important to discuss the
theme of reeducation of elderly workers.
For education, topics 33, 34, and 38 are taken up.  Conversely put, these tell that Japan lacks a
professional education system concerning business, particularly management.  Japan has special colleges,
but unlike American business schools, they accept senior high school graduates who give up going to
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universities or do not wish to go to universities for any reason.  Consequently, many of the skills taught in
the colleges are of the field employee level, mainly for office workers.  This situation must have produced a
tendency for Japanese enterprises to think lightly of specialists.  In fact, Japanese enterprises tend to make
personnel evaluation advantageously for generalists within the framework of the lifelong employment
system.  Therefore, among present Japanese elderly workers, a great number do not have knowledge in any
special field.  In addition, Japan is very low in the recognition that management is a profession in need of
special knowledge.  As a result, in Japan, business schools have not become general for a long time.
One reason the degree in the contribution of Japanese businessmen to the company declines as they
become old, and are promoted in the promotion-by-age system, is that Japan is devoid of a system to educate
managers as specialists.  Mere coordination is no more than an activity with low added value.  Japanese
enterprises embrace even such employees that work hard, since they think they will be able to work more
easily if they are promoted.  In addition, skills to write good Ringisho (executives’ sanction obtaining plans),
and to elaborately negotiate and smoothly settle inter-division conflicts, are skills closely connected with
personal relations cultivated in the company for a long time.  If a worker with such skills leaves the company,
those skills will be quite useless.  Strictly put, those skills are useful only in the company and only at a
certain level of management.
On the other hand, society is definitely in an age of specialists, also in the sense that management is also
a profession in need of special knowledge.  However, in Japanese enterprises, particularly large enterprises,
generalists are substantially advantageous in terms of promotion, and specialists are disadvantageous in
terms of promotion.  In addition, the workers called generalists in Japanese enterprises are not workers who
have been educated as general managers in American business schools.  The term generalists refers to
experts of coordination, i.e. the workers who can, as described above, write good executives’ sanction-
obtaining plans; who can elaborately negotiate; who do not conflict with other divisions, and who can
smoothly settle problems caused by their subordinates.  This environment does not produce an incentive for
acquiring special knowledge.  As a result, both special engineers and professional managers become
insufficient.
It has long been pointed out, as a problem, that workers graduating from departments of science and
engineering tend to select the management course without selecting the engineering course in enterprises.
The present elderly workers were nurtured in this environment.  Many workers without a grounding as
managers are promoted to directors, and many directors are dismissed because of restructuring.  A large
problem with present elderly workers is that they lack presently required knowledge.  However, there is also
another large problem:  The number of elderly workers who have not been educated to acquire special
knowledge for a long time, and who have not educated themselves, is overwhelmingly large.
Facing this reality, it can be predicted that the theme of reeducation of elderly workers will confront a
very large obstacle.  The education program will have to be worked out with considerably ingenious
contrivances.
The three scenarios described above are not mutually exclusive.  After all, the reeducation of elderly
workers must be an unavoidable theme.
(5) Employment modes
On the other hand, the progress of information technology will greatly change modes of employment.
At first, the management styles and organizations of enterprises will change, and a change in the modes of
employment will follow.
With the education level of society improving, the organization of each enterprise will change from a
bureaucratic organization of coordinating the whole through a channel of command, to a network-type
organization, of managing through sharing of purposes and information.  As a result, working at residences
will increase, and workers will go to their offices only when a special problems arise.  Consequently the
differences between employment contracts and commissioning contracts or subcontracts will diminish, and
in time they will become indistinguishable.  Distinction of contract workers, dispatched workers, and
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regular workers will become meaningless, though such distinction may remain for special jobs.  In the future,
it may be that each worker will usually work for multiple enterprises, and that an employment contract
prohibiting a worker from working for another company will be illegal.  As a matter of course, the law
concerning loyalty obligation and malpractice inhibition, presently imposed on directors only, will be have
to be revised, to allow imposition also on general employees.
(6) Education
Finally, the problem of education will be discussed again.   It is said that in-company training is perfect
in Japan.  One reason special education concerning business does not exist presently in Japan, is that in-
company training is perfect.
Mr. Ibuka, the founder of Sony, said, “Since enterprises perfectly train their employees, universities are
not expected to teach unnecessary matters.”  This famous comment must have be related to the tendency to
disregard practical science in universities, then, particularly in departments of social science, in Japan.
Apart from this matter, Japanese in-company training has close relation with the lifelong retirement
system.  Enterprises invest in education, believing that it will be useful for improving productivity, and, as a
matter of course, they do not like for workers trained at enormous investment to resign and go to other
enterprises.  In Japan, all the major enterprises adopt the lifelong employment system, and as a result, the
mid-career employment market is limited, making it difficult for workers to move.  In addition, because of
the salary system peculiar to Japan, even though a worker who has moved to another enterprise may receive
a higher salary at that moment, he often receives less income during his entire career.
Hence, the labor market has been very stagnant.  There is even a study report that the high loyalty of
Japanese workers to enterprises is because they know that, if they are dismissed, they cannot easily find new
jobs.
However, this Japanese system is going to collapse.  If the labor market works, enterprises will be less
positive in training employees, except some excellent companies that are confident their employees will not
leave even if they invest enormous amounts of money in training.  At least, enterprises will be less positive
in letting employees acquire special knowledge useful also in other enterprises, at their cost.  In the future,
enterprises will limit their education investment to letting employees acquire knowledge peculiar to the
enterprises only.  For example, enterprises will not educate their employees on basic sales know-how useful
also in other enterprises, and they will teach them the properties and appealing points of the merchandise of
each enterprise, and the cautions and measures to be taken in situations likely to cause sales trouble.
In the future, the acquisition of general-purpose special knowledge will be the responsibility of each
individual person.  Unfortunately, Japan’s environment is not yet perfectly prepared for it.  Various
education themes, such as “33,” “34,” and “38,” taken up for the latest survey, tell the present situation.
Business schools are opened one after another, gradually, but most of the students are dispatched from
enterprises they work for.  It cannot be assured that this practice will continue also in the future, as explained
before.  Even at present, in not a few cases, employees educated in business schools leave the enterprises to
work in other enterprises, and this problem is a headache for enterprises.
However, an environment in which Japanese general office workers resign their enterprises once, and
go to business school, using their own funds, is not prepared yet economically, socially, or culturally.
As a realistic idea for the time being, it can be considered to increase the correspondence courses and
night sessions of business schools, but in this case, detailed education programs for them must be discussed.
Above all, since preparedness for this matter is not perfect, competent teachers are insufficient, constituting
a large problem.
(Ichiro Takagi)
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14.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating relation. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the topics.
Topic Framework for Business and Management field
Domain
Relation
Business
administration Management
Business
activities
Management
style
Information (network) 01 02 07 08 09 10 11 19 20 21 29 30
Politics & economy
(globalization)
03 04 12 13 14 22 23 24 25 31 32 33 34
Global environment &
resources & energy & materials
05 15 26 35
Administrative institution &
laws (taxes and patents)
16 36
B
us
in
es
s e
nv
iro
nm
en
t
Labor force (low birth rate in
conjunction with more elderly
citizens & employment of
foreigners)
06 17 18 27 28 37 38
14.3. Topics with high degree of importance
The responses of the respondents (excluding those of professional degree “Zero”) on the degree of
importance for Japan were as follows.  The degree of importance index for the field of “business
administration and management” as a whole was 59.4.  The topics especially high in the evaluated degree of
importance for Japan (top 20 topics high in the degree of importance index) were as shown in the table
below.  The topics evaluated highest in the degree of importance concerned the creation of new industries,
and topics concerning recycling and network ranked relatively high.
Table 3.14-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
25:New industries take over from the data communication industry to play a
role of driving force in the next generation. 86 2015
26:Industry clusters (structure in which each industry utilizes the waste
products of other industries in the waste process) are established, and
industries are obligated to place reusable industrial waste on that recycling
route.
85 2014
11:Network crime is reduced to about half current levels as a result of
advances in information technology. 83 2011
05:Environment-friendly product development practices such as the
introduction of “eco-design” or “green procurement” becomes a
management standard.
80 2008
13:Companies are obligated to disclose more financial data to the general
public. 74 2007
06:Workforce mobility rises to current U.S. levels as mid-career hiring
becomes more common. 74 2009
22:Production on order rather than production on estimated demand becomes
the norm due to the increased sophistication of e-commerce networks and
improved efficiency of business cycle times, resulting in a dramatic
reduction of inventory risk for companies.
74 2010
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Topic Importance index
Forecasted
realization time
37:Total added value generated by the knowledge-intensive industry with the
shift to a knowledge society accounts for more than half of added value
generated by all industries.
72 2016
19:Almost all intercompany transactions are settled electronically. 72 2011
12:Practical use of accurate automatic translation systems for global personnel
management. 72 2012
10:Almost all office information is digitalized to improve business efficiency. 70 2008
38:Implementation by almost all postgraduate schools etc. of specialized
education on the management of technology (MOT) as companies place
greater importance on MOT.
67 2012
31:English becomes the standard language for almost all companies in Japan. 67 2013
24:Foreign workers account for more than 10% of the Japanese workforce. 66 2014
02:Development of information technology to support knowledge creation,
which forms the basis of company operations. 64 2010
34:Entrepreneurial education is introduced in postgraduate school
curriculums, and as a result, 10% of postgraduate students start up venture
companies.
63 2011
35:Almost all listed companies introduce environmental accounting. 63 2010
14:International standards are prescribed for employing foreign workers, and
companies are obligated to conclude employment contracts that conform to
those standards.
62 2011
03:Almost all information equipment is provided free of charge, and corporate
profits are earned from incidental services and software. 57 2010
04:Development of a new standard for company rating to replace current
standards such as sales, profit, and market value, and its widespread use as a
de facto standard.
56 2009
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14.4. Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.  In comparing the
distribution of forecasted realization times of all the topics, and the distribution of forecasted realization
times of the business administration and management field, the peaks of responses on the forecasted
realization times for both the categories are spread in a range from 2011 to 2015.  In addition, 40% of
responses for topics of the business administration and management field are spread in a range from 2006 to
2010, showing a tendency to be earlier in the forecasted realization times than for all the topics.
Figure3.14-1   Forecasted realization times
14.5. Current leading countries
The responses to the question concerning current leading countries, etc., were as shown in the diagram
below.  In the business administration and management field in general, named by 73.6% of the respondents,
the U.S. ranked No. 1.  The E.U. was named by 20.4% of the respondents, and Japan by 10.4%.
Figure 3.14-2   Current leading countries  (%)
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14.6. Table of survey results
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1 151 37 31 32 47 19 36 38 7 71 5 6 38
2 121 37 34 29 45 14 40 43 3 77 2 2 35
X 45 100 0 0 49 23 32 41 5 76 0 2 44
1 161 31 36 33 65 39 43 16 2 76 6 11 50
2 123 32 41 27 64 35 55 7 2 84 2 7 46
X 39 100 0 0 72 51 41 3 5 87 3 8 46
1 146 18 34 48 56 28 43 27 2 66 3 49 19
2 117 18 35 47 57 26 52 20 2 75 3 53 9
X 21 100 0 0 76 55 40 5 0 81 0 62 29
1 146 21 39 40 55 26 46 26 3 79 18 13 13
2 112 22 37 41 56 22 59 19 1 84 21 9 6
X 25 100 0 0 80 64 28 8 0 92 16 8 12
1 158 21 36 43 75 54 39 7 0 39 86 26 9
2 120 22 38 41 80 61 37 2 0 36 93 21 3
X 26 100 0 0 92 85 15 0 0 65 96 27 4
1 161 27 39 34 68 44 42 13 2 76 0 27 20
2 123 27 37 36 74 52 40 8 0 88 1 24 15
X 33 100 0 0 81 67 24 9 0 85 0 27 21
1 143 31 34 34 50 18 50 30 3 75 1 17 29
2 113 29 35 35 50 15 56 27 2 84 1 9 23
X 33 100 0 0 64 36 48 15 0 88 0 9 30
1 143 18 31 51 34 6 30 50 14 61 0 27 6
2 115 18 24 57 33 3 31 58 8 71 0 27 6
X 21 100 0 0 45 14 43 38 5 76 0 38 10
1 153 22 32 46 50 22 41 32 5 84 2 3 7
2 117 21 34 45 50 17 55 25 3 88 2 3 4
X 24 100 0 0 67 42 42 17 0 88 4 4 0
1 160 25 39 36 65 40 43 16 1 81 6 12 33
2 125 26 39 35 70 44 48 7 1 90 6 5 22
X 32 100 0 0 84 69 28 3 0 94 3 9 38
Expected effect (%)
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Scientific elucidation of the managerial decision-
making process, leading to practical use of a
decision-making support system based on that
theory.
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9
Development of information technology to
support knowledge creation, which forms the
basis of company operations.
Almost all information equipment is provided
free of charge, and corporate profits are earned
from incidental services and software.
Environment-friendly product development
practices such as the introduction of “eco-design”
or “green procurement” becomes a management
standard.
Workforce mobility rises to current U.S. levels as
mid-career hiring becomes more common.
Development of a new standard for company
rating to replace current standards such as sales,
profit, and market value, and its widespread use
as a de facto standard.
Practical use of collaborative systems to support
none-hierarchical, flat organizations.
Widespread use of mobile terminals with GIS
function to confirm the location of employees.
Consolidated accounts are reported daily in most
companies as a result of advances in information
technology.
Almost all office information is digitalized to
improve business efficiency.
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27 10 7 78 7 0 16 35 36 19 17 10 6 1 7 1 7 34 8
23 7 2 90 3 0 7 45 50 16 15 7 5 0 5 0 6 48 7
33 4 2 89 4 0 9 44 40 11 16 7 4 0 11 0 7 38 11
5 7 16 84 12 0 11 49 45 37 31 11 9 2 2 1 7 26 4
3 5 14 94 7 0 5 62 53 32 27 5 7 0 2 2 3 37 2
5 3 13 92 5 0 8 59 54 31 28 8 5 0 5 5 8 31 3
25 5 19 77 10 1 12 14 18 16 14 28 40 9 2 10 13 28 7
21 3 12 86 5 0 6 9 20 8 11 33 54 6 2 9 9 39 2
19 0 19 86 10 0 10 0 14 5 14 48 62 10 10 14 10 38 0
4 8 10 64 25 0 20 25 32 13 10 10 21 12 1 3 4 16 3
3 7 5 79 23 0 15 31 47 8 5 5 29 5 0 1 3 27 1
4 0 8 96 28 0 0 36 44 12 8 8 20 8 0 4 4 24 0
2 3 22 22 82 2 5 20 37 32 28 9 18 54 3 6 4 6 9
1 1 24 15 92 1 2 17 44 28 25 3 9 68 0 5 4 6 3
0 0 19 12 100 0 0 19 54 31 15 0 19 73 0 8 4 12 4
6 4 5 87 14 2 2 43 20 2 2 23 48 12 4 1 16 42 4
6 2 2 97 10 2 1 54 16 1 1 20 62 6 1 0 14 52 2
3 3 0 100 15 0 0 55 21 3 3 15 67 6 0 0 18 48 3
4 4 10 73 9 0 13 37 20 14 10 11 22 3 3 0 8 27 6
5 3 6 86 5 0 9 54 19 8 7 9 25 2 0 0 6 31 4
3 6 9 82 9 0 12 64 27 15 12 9 27 0 0 0 6 36 3
9 1 52 40 9 0 16 10 12 12 13 8 36 9 4 3 31 41 5
6 2 65 43 7 0 11 7 14 11 12 4 60 6 3 0 28 55 3
14 0 67 43 5 0 0 19 24 10 10 0 67 10 5 0 24 62 0
8 6 10 76 10 0 16 21 18 7 7 4 29 20 5 0 9 16 5
3 3 9 87 6 0 10 26 14 2 3 3 50 26 3 0 8 20 5
4 4 8 100 4 0 0 25 13 0 0 0 46 33 4 0 8 17 4
5 3 13 84 9 1 8 28 19 21 16 8 34 9 5 3 21 23 4
3 2 14 92 5 1 5 40 14 18 16 3 52 6 4 2 24 24 1
6 0 9 97 6 3 3 56 13 16 25 0 66 19 6 3 31 19 0
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1 133 15 25 60 79 61 35 5 0 71 17 40 20
2 111 14 23 63 83 68 29 3 0 82 11 41 12
X 15 100 0 0 97 93 7 0 0 87 7 60 13
1 139 16 32 53 70 48 36 16 0 78 22 35 50
2 106 12 30 58 72 49 41 10 0 82 17 28 48
X 13 100 0 0 81 69 15 15 0 92 15 31 38
1 149 20 32 48 69 45 43 12 0 88 4 17 6
2 115 23 28 50 74 51 45 4 0 95 3 10 3
X 26 100 0 0 96 92 8 0 0 100 4 15 8
1 125 12 28 60 63 36 44 20 1 78 32 25 14
2 100 9 25 66 62 30 56 14 0 83 34 14 5
X 9 100 0 0 72 56 22 22 0 89 56 22 22
1 131 13 27 60 53 23 42 34 1 23 73 28 5
2 105 10 23 67 50 16 53 30 0 19 83 22 1
X 11 100 0 0 59 36 27 36 0 27 91 18 0
1 150 14 37 49 45 16 40 37 7 65 3 27 7
2 114 14 35 51 44 12 42 42 4 81 2 20 4
X 16 100 0 0 59 38 31 25 6 88 0 19 6
1 147 18 38 44 54 24 49 24 4 73 4 28 10
2 116 16 40 44 52 19 54 23 3 84 0 28 5
X 19 100 0 0 79 58 42 0 0 89 0 42 16
1 156 15 34 51 51 20 48 29 3 55 12 62 13
2 120 15 33 53 49 13 60 27 1 61 7 67 2
X 18 100 0 0 68 39 56 6 0 67 6 67 6
1 158 22 41 37 69 44 47 10 0 91 10 19 8
2 122 20 42 39 72 48 44 8 0 91 4 16 2
X 24 100 0 0 88 75 25 0 0 100 8 25 4
1 145 23 33 44 44 11 45 38 5 71 6 29 15
2 113 20 31 49 43 7 51 39 3 80 1 24 7
X 23 100 0 0 51 17 57 22 4 83 0 39 13
Expected effect (%)
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Network crime is reduced to about half current
levels as a result of advances in information
technology.
Practical use of accurate automatic translation
systems for global personnel management.
Companies are obligated to disclose more
financial data to the general public.
International standards are prescribed for
employing foreign workers, and companies are
obligated to conclude employment contracts that
conform to those standards.
Companies are generally obligated to display the
environmental load of offices.
General shareholders meetings and board
meetings are held over the Internet in Japan.
The number of direct workers and sales staff on
site is reduced by half due to the introduction of
information technology.
Telecommuting workers account for more than
30% of all workers.
Almost all intercompany transactions are settled
electronically.
Marketing research is conducted almost
exclusively over the Internet.
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Almost all payments for consumer purchases are
made using electronic money.
Production on order rather than production on estimated
demand becomes the norm due to the increased sophistication
of e-commerce networks and improved efficiency of business
cycle times, resulting in a dramatic reduction of inventory
risk for companies.
The investment ratio by private investors in the
stock market in Japan rises to U.S. levels.
Foreign workers account for more than 10% of
the Japanese workforce.
New industries take over from the data
communication industry to play a role of driving
force in the next generation.
Industry clusters (structure in which each industry
utilizes the waste products of other industries in
the waste process) are established, and industries
are obligated to place reusable industrial waste on
that recycling route.
The work style in which people work at home for
several different companies becomes firmly
established as a result of advances in information
technology.
Almost all company offices are open 24 hours a
day as a result of globalization.
Virtual companies that have no offices and exist
only on networks account for 30% of all
companies.
Widespread use of management outsourcing
(general affairs, accounting, production
management) at major companies (mega-
outsourcing).
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English becomes the standard language for
almost all companies in Japan.
Development of indicators that numerically show
a company’s level of social contribution.
Total added value generated by the knowledge-
intensive industry with the shift to a knowledge
society accounts for more than half of added
value generated by all industries.
Implementation by almost all postgraduate
schools etc. of specialized education on the
management of technology (MOT) as companies
place greater importance on MOT.
Introduction of programs that teach corporate
management structures as a part of compulsory
education.
Entrepreneurial education is introduced in
postgraduate school curriculums, and as a result,
10% of postgraduate students start up venture
companies.
Almost all listed companies introduce
environmental accounting.
Development of an international legal system
covering commercial activities in space.
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15. Survey Results in “Urbanization and Construction”
15.1. Trends in noteworthy domains
15.1.1. Introduction
At the turning point of the century, social currents changed in various aspects, and also in the
urbanization and construction field, large conversions are taking place.  First, the time when neither
population nor economy increases has come, and the need to meet demand for space required to sharply
increase dwelling, production, and leisure, so strong in the past, is diminishing.  Second, basic demands for
space, such as dwelling houses and factories, and the foundations for traffic and telecommunications, are
being fulfilled, and the need to respond to more advanced requests, such as safety and pleasantness has
arisen.  Third, consciousness of the environment has increased, and the development that could be permitted
in the past goes against requests for environmental conservation and environmental restoration.  Fourth,
conventional movements to pursue international standards excessively are being reconsidered, and there are
more requests for constructing architecture and facilities adapted to respective national lands and cultures.
These are mere examples of conversions.  At any rate, the need for technologies and activities of different
direction compared with the conventional ones is being felt, in the background of the latest survey.
From this point of view, the features of the survey results are discussed below.  First, there are
outstandingly numerous opinions that technologies concerning safety, or predication to ensure safety, are
important.  The expectation for improving the technological level of earthquake prediction (topic 03, 04, 07)
and weather forecasting (topic 01) is very high, and many opinions indicate that the disposal of radioactive
waste (topic 15,  26) is also important, from the same viewpoint.  Second, the consciousness of technologies
to cope with global-scale environmental problems is also remarkable.  Greening of deserts (topic 25), use of
natural energy (topic 32), cleaning of closed sea areas (topic 22), and others are considered important.
However, on the other hand, many think that such technologies as super-ultra-high buildings (topic 61), sea
cities (topic 56), and space stations (topic 62), which used to be star technologies, will not be realized, and
their realization times are also estimated to be more than 20 years from now, suggesting that the view for
giant technologies has extremely changed.
In anticipation of such social changes, topics concerning social institution and planning techniques
were newly added for the latest survey.  They are evaluated highest in the degree of importance index by
domain.  The quality evaluation of public construction work (topic 72), the contract standard for
international projects (topic 73), and the application of a geographical information system to land policies
and urban plans (topic 55), are evaluated to contribute to economic development.  Further, reflecting that the
concept of normalization has permeated society, also considered important are assistance to (topic 43), and
the information system (topic 37) for, elderly citizens and physically disabled persons, and assistance to
visually disabled persons (topic 39).  Generally speaking, the development of society has been pursued
coercively using technologies with some adverse effects, such as inconveniencing some people and
increasing loads on the environment, but as a feature common to all the topics of the latest survey, this
attitude is negated, while the technologies to manage a maturing society begin to be highly evaluated.
(Yoshio Tsukio)
15.1.2. Environment
 The report  “The Limits to Growth”, published in response to a request from the Club of Rome about
30 years ago (1972), and its update:  “Beyond the Limits” (1991), indicate a natural and fundamental
problem that, even though nature is finite, the world population and industrial capitals are increasing not
linearly but like a geometrical series, and that, if changes continue in this manner, humans will plunge into a
catastrophic end before long.  The report says, to the effect, that human society has passed a certain limit and
plunged into a non-sustainable stage.  It is pleasing that this warning raised concern about environmental
problems in recent years, and that the world is making efforts to improve the situation.  And yet, the effects
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of the efforts are not yet encouraging.
The chapter for the survey results of the “Environment” field, in the present report, has already
discussed in detail ozone layer depletion, global warming, and waste disposal.  However, based on
recognition that the activities in the “urbanization and construction” field have close relations to the earth
and global environmental problems, below are generally described the survey results of 17 topics
concerning urban environment, water environment, sensing, greening, waste disposal & resource recovery,
natural energy, recycling, etc.
At first, the respondents in the urbanization and construction field were asked which of six
technological fields (information, life, earth & environment, materials, manufacturing & management, and
social foundation) should be emphasized most in the coming 5 to 10 years.  As a result, it was confirmed that
earth  & environment technologies were considered most important.  The top 20 topics high in degree of
importance included as many as six environment-related subjects, such as “26.”
The top 3 topics high in the rate of effect for resolution of global-scale problems were topics 25, 31, and
34.  It was forecasted that these topics would be realized in 2015 to 2022.
Among all the topics of “urbanization and construction” field, it must be sufficiently recognized that
comments of concern about negative effects on the environment are as numerous as about 15% for the
realization of foundation facilities (entire urbanization, including lifelines) and topics related to civil
engineering structures.
As topics relatively greatly differently forecasted in realization times between respondents of
professional degree “High,” and those of professional degrees “Medium” and “Low,” topic 20 was
forecasted to be realized later by experts, and on the contrary, topic 31 was forecasted to be realized earlier
by experts.
Main survey results in the environmental domain were introduced above.  The 21st century is said to be
“the century of the environment,” and it is necessary for government, enterprises, and citizens to make
efforts in their respective roles in mutual cooperation, to realize a resource-recycling society with reduced
loads on the environment.  Above all, the “urbanization and construction” field, as the field in charge of
perfecting the social foundation, has a great role and responsibility in the formation of a sustainable society,
and it should grapple with this problem as a forerunner and energetically promote the necessary
technological development.
(Kozo Toyama)
15.1.3. Safety
 The present situation of public works performed by the national government and local governments is
strongly criticized, and it is estimated that the total amount of public investment will be kept at the present
level or reduced.  In this sense, the urbanization and construction field seems to be exposed to a north wind.
However, the results of the latest questionnaire show that there still remain strong expectation for
technologies to construct safe buildings, cities, and national land spaces.  This is considered to reflect a
common wish of us Japanese, who live in a national land frequently struck by natural disasters, such as
earthquakes, tsunamis, the volcanic eruptions raising great social concern in 2000, and flood damage, such
as localized torrential downpours and floods.  Under this wish, after the Hanshin Great Earthquake, the
safety of buildings and cities was reviewed, and new design concepts are being introduced into both
architecture and civil engineering.  Though the prediction of the volcanic activities at Miyake Island was
difficult, the prediction of volcanic eruption at Mt. Usu was successful.  Therefore, the expectation for
further progress of technologies to secure safety against natural disasters must be a matter of course.  In fact,
as the priority science and technology fields of 10 years in the future, social foundation technologies ranked
No. 3, following earth and environment technologies and life technologies.
As technologies high in degree of importance for securing safety, the latest questionnaire referred to
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technologies for earthquake prediction and earthquake detection (topics 01, 03, 04), and technologies to
make structures aseismic, and to prevent urban disasters.  These technologies were referred to also in the
previous survey.  In the background, the observation methods related to earthquake prediction and
earthquake detection have dramatically advanced.  The transmission of earthquake information (topics 02,
03, 07) has also remarkably advanced and is expected to develop also in the future, and this is also a reason
for referring to the same technologies. The element technologies of observation and information
transmission are being accumulated, and concurrently, basic research of earthquakes per se is steadily being
conducted, mainly as solid geophysics.  Technology to secure safety against earthquakes based on
integrating such element technologies and basic findings is highly likely to be realized in the near future in
Japan.  Of course, in fact, there are also disasters that defy effective measures, like the threats from active
faults observed in earthquakes in Turkey and Taiwan in 1999.  Optimism toward the realization of
earthquake prediction and earthquake detection is a taboo, and progress of technology to improve the
disaster prevention of buildings and cities (topic 16) needs unceasing efforts.
It should not be overlooked, either, that as a technology concerning the prevention of natural disasters,
technology to assist urban emergency control (topics 02, 07) is high in degree of importance.  The functions
of a city are diverse and various, and the damage to the functions is variously different in the respective
regions of a city.  However, if the geographical information systems (topic 55) that are being perfected in the
national government and local governments, and the simulation technology (topic 14) that is rapidly
developing, are used, it will be possible to identify the present conditions of urban functions, and to predict
the results of each measure taken.  How to accurately and quickly acquire information concerning the
damage occurring in respective regions of a city is a problem, but it can be considered that the problem will
be able to be solved if we see the development of information apparatuses, and increased use of them.  It is
proposed to construct virtual cities and digital cities, and these are considered to be important topics for also
rationalizing emergency control against natural disasters.
(Muneo Hori)
15.1.4. Living
The “Modern Consumption and Living Economy Dictionary” says, “Living people realize themselves
by satisfying their desires (spiritual, physiological, and physical) consciously to maintain their lives for
survival.”  The term “living people” began to be generally used in Japan about 1986, when the bubble
economy started, and already in the “Birth of Bunshu (a Japanese word coined for distinction from Taishu
(the masses), to refer to diversified, individualized, and dispersed people, in distinction from the
homogeneous masses),” edited by Seikatsu Sogo Kenkyujo, Hakuhodo (Nihon Keizai Shimbunsha, 1985),
the term “living people” is used.  Now in 2001, “living people” refers to a people of a range wider than that
indicated by the term “consumers,” and to reflect this social phenomenon, it was decided to add “Response
to living people’s needs” to the trends of noteworthy domains in the latest survey.
As a result, the expectation for “Responses to living people’s needs” was largest (about 60%) in the
present report, suggesting significance of the existence of living people.  Among the expectation, the
expectation particularly for items concerning foundation facilities and urban functions was large.  Referring
to individual topics, the expectation for topics 07, 08, 09, 10, and 11,  related to disasters, such as
earthquakes, were as high as 80% to 100%, showing high expectation as “Responses to living people’s
needs.”  The realization times of topics 09 and 11 were forecasted to be earlier by experts than by all the
respondents.
With regard to topics related to environmental problems, in a comparison of  topics 18, 19, and 20, the
expectation for topic 20 in the “Responses to people’s needs” was greatly different between all the
respondents and experts.  The expectation for topic 21 in “Responses to people’s needs” by all the
respondents was as high as more than 60%, but that by experts was 0%.  Experts also forecasted the
realization time of topic 21 to be later.  For the widespread use of topics 27 and 28, related to resource
problems, it can be seen that activities as communities are requested commonly.
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Further, concerning topics related to social problems, the expectation for topics 37, 39, and 43, related
to technologies for living together with elderly citizens and disabled persons, was 90% to 100%, showing
high expectation as “Responses to people’s needs,” but the forecasted realization times were 2013 to 2017,
immediately before the post-war baby boom generation goes into its 60s.  Such topics as 38, 41, 44, and 69
were not very high in the degree of importance index, but the expectation as “Responses to people’s needs”
is as high as 90 to 100%.  However, among them, the expectation for topics 56, 61, and 62, related to civil
engineering, was small, on the contrary, and there were many responses that these topics would not be
realized.  Considering that a space flight of a general person was realized while the present report was being
complied, it is considered necessary to incorporate the changes of living people’s needs for such a topic into
future forecasts.
(Mieko Kenjo)
15.1.5. Cities
In the domain of urban planning, the importance of development with good harmony in terms of the
environment, society, and economy, forms major topics from the viewpoints of (i) development of urban
planning based on decentralization of power and participation of inhabitants, (ii) transparency of planning,
and surging of policy evaluation and impact forecasting to ensure transparency, (iii) the need for effective
use of accumulating urban information for the foregoing, (iv) perfection of physical sufficiency in urban life,
together with psychological sufficiency, and (v) sustainable urban management.
In view of the issue of the above (i), a technology to allow easy participation in urban planning also by
other than experts, is important.  The development of IT in recent years allows participation support
technology based on IT.  For example, in the establishment of master plans, social experiments are
conducted to encourage the participation of inhabitants through the web, and to disclose local people’s
opinions on maps on the screen.  If these can be put into practical use, opinions can be exchanged without
being limited by place and time.  However, mere participation in urban planning does not lead to real
participation if the participation simply means submitting the requests of individuals to administration.  It is
desirable for participants to understand urban planning and participate also, when working out an urban plan.
For this purpose, it is desirable to present technological information on urban planning in a form
understandable to general people, and to develop a certain automatic translation system, such as a planning
support system, to ensure that planning can be made to some extent even without having special knowledge
or technologies.  The survey items include an evaluation technology based on a virtual reality technology
(topic 53), a regional plan proposing and preparing a system for inhabitants (topic 66), an information
presentation system for town creation (topic 68), and a system for feeling satisfaction by participation (topic
71), as related technologies, and all of them are recognized as technologies very highly needed by living
people.
In planning and policy decision, there is a tendency that the procedure and the grounds should be made
clearer, and the issue of (ii) can be seen in this tendency.  In the implementation of an urban plan and related
policy, the grounds for them are not necessarily strictly clarified.  Hence, the vagueness is complemented by
the procedure for working out the plan and policy.  However, if power is decentralized in the future, the local
government concerned will have to present the grounds.  This is a very large burden, and it is urgently
required to develop technology to support it.  The realization time of the technology to quantitatively predict
the effects of plans and policies (topics 64, 67) was forecasted to be earlier than those of other technologies,
but since the social system in which the technology is applied must also be changed, a many-faceted means
will be necessary to promote the technology.
Urban information-related technology has developed greatly accompanying the development of IT.  In
view of the issue of (iii), technology to acquire, manipulate, and transmit urban information is important.
Urban information is diverse, and different survey data must be fused together.  Also for this purpose,
integral use of urban information suitable to use a geographical information system (GIS) (topic 55) is
necessary.  The development of a user interface that can be used by everyone (topic 37), and how to transmit
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information (topic 02), are also important.  In particular, topic 55 greatly will contribute to socioeconomic
development, in addition to responding to living people’s needs.  In addition to technological development,
the social system for social information must also be changed, and interaction among industries, academic
circles, and governments is strongly desired.
In view of the issue of (iv), a multifaceted analytical technology, including the psychological aspect, is
necessary.  Urban development includes portions greatly concerned with people’s subjective views, like
scenery evaluation.  To specify them in public policy, correct understanding of physiological and
psychological effects (topic 19), and design technology, including the psychological aspect (topics 19, 35,
38), are necessary.  These are recognized as needing time before realization compared with other topics, but
with the surge of a new field like “sensibility engineering” in recent years, even partial technologies can be
introduced, actually.  So, the technologies are expected to be positively developed.
Needless to say, one major world topic in the 21st century is sustainability.  In view of the issue of (v),
technologies to keep environmental, social, and economical, and hence multi-faceted, sustainability, are
important.  The environmental aspect requires technology to prevent environmental deterioration,
technology to inhibit the consumption of energy and resources (partially topics 34,  42), a social system to
implement environment control (partially topic 18), and design and planning technology that contribute to
improving the environment.  The social aspect calls for, importantly, activation of communication in a new
form, prevention of mental illness (topic 69), and crime prevention (topic 10).  However, the prevention of
mental illness and crimes is an area that may exert great social and ethical influence, depending on how the
system is introduced, as commented in the survey results, and this area must be carefully approached.  With
regard to sustainability from the economic aspect, the latest survey did not include any survey item, and the
modes of urban planning to adequately renew cities without losing regional active power, and for assisting
the development of cities, are also an important topic.
(Yasushi Asami)
15.1.6. Social institution
The technological abilities of Japan have greatly contributed to the development of the world economic
society, but in the 1990s, due to a protracted recession, Japan is in a phase in which superiority of
technological abilities cannot be used in the international society.  Along with changes of situations at home
and abroad, the technological innovation system that has supported the post-war Japanese high economic
growth is institutionally fatigued, and now in the 21st century, the modes of the technological innovation
system must be reviewed also in terms of institution and organization.
Also in the urbanization and construction field, urbanization and construction have strongly tended to
belong to domestic industries, but in recent years, waves of globalization have surged in.  For Japan to take
a higher position in the international society in the 21st century, it is necessary to maintain, inherit, and
upgrade the universally excellent technologies cultivated so far, and also to construct a system that can
effectively promote further technological innovations.
From the results of the latest survey, to generalize the topics classified into “social institution and plan
targets” (5 topics) and “Peripheral topics such as social systems ” (5 topics), the forecasted realization times
are spread approximately in a range from 2006 to 2015, and as for the expected effect, rates of “contribution
to socioeconomic development” (topics 64, 70, 72, 73) and “Responses to people’s needs” (topics 66, 68,
69) are high.  For the topics classified here, leading countries are considered to be Europe and America,
rather than Japan, and with regard to effective means to be taken by the Japanese government, there were
strong demands for “Foster human resources ,” “Reinforce cooperation among sectors and fields,” “Develop
research and development infrastructure,” “Increase government research funding,” and “Relax or abolish
related regulations.”  Especially in view of institution, there were strong demands for “Relax or abolish
related regulations  (topics 70, 71, 72, 73), but on the other hand, there was also not a small demand for
“Reinforce or establish related regulations” (topic 72).
In view of the above situation, it is necessary to promote interactions of technological R&D activities
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and integration of functions, facilities and personnel, to perfect the institution and organization to activate
the mutual use of respective facilities and technological R&D results, and also to perfect the institution and
organization to accelerate the exchange of competent engineers and researchers, among research institutes
of universities and the government, to allow optimum posting of staff in charge of research, engineering, and
skills.
Further, for large-scale technological R&D topics to be preferentially implemented, in which Japan
cannot catch up with the trends of technological innovations in the world if industries, academic circles, and
governments make respective efforts in their own fields, an organization should be perfected in which
industries, academic circles, and governments can collaboratively make efforts.  In this case, it is also
necessary to construct a flexible interacting organization, in which the facilities and staff of industries,
academic circles, and governments can be used in a quickly responding manner, as in a network.
Moreover, a competitive staff market, to adequately evaluate staff, should be perfected, to ensure that
staff in charge of research, engineering, and skills of industries and academic circles will be able to exhibit
their abilities to the maximum extent in optimum environments.  Research institutes of universities, and the
government, must introduce a public invitation system, to perfect an institution to employ, with terms of
office, to perfect an institution to flexibly secure competent staff, and to promote and reward the staff
depending on the results of research, and to introduce a research vacation system.
It is necessary to materialize these efforts, and to create an environment to intensify the technological
abilities in the urbanization and civil engineering field in Japan, to reform the Japanese technological R&D
system, and to develop and accumulate internationally competitive technologies.
(Masato Seiji)
15.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating objective. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the topics.
Topic Framework for Urbanization and Construction field
Domain
Objective
Urban functions
(hardware and
software of entire
urbanization)
Foundation
facilities (entire
urbanization
including lifelines)
Civil engineering
(concerning civil
engineering
structures per se)
Architecture
(concerning
buildings per se)
Security of safety
01 02 03 04 05 06
07 08
09 10 11 12 13 14 15 16 17
Symbiosis with
nature/environmental
conservation
18 19 20 21 22 23 24 25 26
Resource-saving &
energy-saving/recycling
27 28 29 30 31 32 33 34
Responses to living 35 36 37 38 39 40 41 42 43 44
45 46 47 48 49 50 51 52 53Improvement of
productivity 54
59 60 61 62
Effective use of spaces
55 56 57 58
63
Social institutions, plan
targets
64 65 66 67 68
<Peripheral topics such as social systems>   69 70 71 72 73
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15.3. Topics with high degree of importance
The responses of the respondents (excluding the respondents of professional degree “Zero”) on the
degree of importance for Japan were as follows.  The degree of importance index for the field of
“urbanization and construction” as a whole was 57.5.  The topics especially high in the evaluated degree of
importance for Japan (top 20 topics high in the degree of importance index) were as shown in the table
below.  The topics evaluated highest in the degree of importance concerned technologies to dispose of
radioactive waste; and, topics concerning disasters, such as earthquake disasters and weather disasters,
ranked relatively high.
Table 3.15-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
26:Practical use of technology for disposing of high-level radioactive waste. 91 2021
04:Practical use in Japan of a mid-term (5 - 10 years in advance) prediction
technique for large-scale (Magnitude 8 or larger) earthquakes based on
analyses of the crustal strain distribution and past earthquake records.
88 2026
03:Development of a nationwide network for detecting earthquakes, and
widespread use in Japan of a disaster prevention system that gives advance
warning of earthquakes likely to occur at a distance of 50km o more.
87 2016
14:Widespread use in Japan of technology that accurately simulates the
behaviors of structures or the ground at the time of a string earthquake. 84 2012
01:Widespread use in Japan of warning, forecasting, evacuation assistance and
crowd control systems that dramatically reduce human loss in the event of a
natural disaster involving rivers, roads, etc. based on localized weather
forecasts.
84 2012
02:Practical use of disaster forecasting and information transfer systems
incorporating studies in social and behavioral psychology in order to
prevent panic in big cities in the event of major earthquakes or fires.
82 2014
15:Practical use in Japan of a safe and rational demolition technology for
decommission of commercial nuclear power plants. 80 2015
16:Widespread use in Japan of technology to assess the soundness of
foundations of existing structures through non-destructive evaluation, and
to rationally enhance earthquake resistance.
75 2012
24:Widespread use in Japan of development technology aimed at coexistence
with nature (e.g. conservation of ecosystems and creation of wildlife
habitats) through the elucidation of the mechanisms whereby development
impacts on ecosystems.
74 2019
07:Development in Japan of technology for real-time monitoring of damage to
urban infrastructures and life line networks at the time of a natural disaster. 73 2012
20:Widespread use in Japan of active environmental clean-up facilities that
absorb and fix air pollutants such as CO2, NOx and freons in urban areas,
where the majority of emissions occur.
73 2018
21:Widespread use in Japan of compact, efficient wastewater treatment
systems capable of treating refractory substances and hazardous substances
via biotechnology.
72 2015
27:Spread of community-based efforts to utilize unused energy sources and
recycle household wastes etc. in Japan. 72 2014
09:Widespread use in Japan of remote monitoring and control systems for
enhancing the safety of life line (e.g. water, electricity and gas). 72 2011
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Topic Importance index
Forecasted
realization time
71:Widespread use in Japan of a system which facilitates public participation
in regional development and development and management of the social
infrastructure, and which, through this process, fosters in people a sense of
satisfaction that they have a role to fulfill.
71 2015
58:Establishment in Japan of a wide-area integrated water management
technique covering rivers, dammed reservoirs, etc., leading to widespread
use of efficient water resource utilization systems in major urban zones.
68 2014
22:Practical use in Japan of a technology to clean up polluted closed sea areas
in the vicinity of major cities by constructing various facilities for seawater
purification, replacement, etc.
66 2016
46:Widespread use in Japan of design methods that ensure the desired
performance of structures based on a quantitative evaluation of their safety
and durability.
66 2011
63:Practical use in Japan of the technology to utilize long service-life concrete
and steel (at least 100 years) aiming at improving the durability of buildings
and civil structures.
66 2013
73:Widespread use throughout the world of international standards for all
aspects of contracts and construction of international projects. 66 2012
15.4. Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.  In comparing the
distribution of forecasted realization times of all the topics, and the distribution of forecasted realization
times of the urbanization and construction field, more than 60% of the responses on the forecasted
realization times of the topics in the urbanization and construction field are spread in a range from 2011 to
2015, and the peaks for the urbanization and construction field showed the same tendency as those for all the
topics.  It was considered that about 70% would be realized by 2015.
Figure3.15-1   Forecasted realization times
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15.5. Current leading countries
The responses to the question concerning current leading countries, etc., were as shown in the diagram
below.
In the field of urbanization and construction in general, “the U.S.” almost competes with “Japan,” with
a difference of less than about twice kept against “the E.U.” which ranked No. 3.
Figure 3.15-2   Current leading countries  (%)
15.6. Comparison with the 6th survey (previous survey)
Of 73 topics included in the latest survey, 34 (47%) were identical on the previous survey, 17 (23%)
were modified, and 22 (30%) were newly introduced.  For the identical topics, the results of the latest survey
were compared with those of the previous survey, in terms of degree of importance index and forecasted
realization times, as shown in the table below.
The degree of importance index rose for 13 topics, remained the same for 2 topics and fell for 19 topics.
(Topic 15 plunged by 11, topic 28 by 11, topic 29 by 17, and topic 58 by 14.)  Further, all the topics were
forecasted to be later in realization time in the current survey (there was no topic that showed a difference of
10 years or more in forecasted realization time).
Table 3.15-2 Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
01:Widespread use in Japan of warning, forecasting, evacuation assistance
and crowd control systems that dramatically reduce human loss in the
event of a natural disaster involving rivers, roads, etc. based on localized
weather forecasts.
84 / 2012 80 / 2008
03:Development of a nationwide network for detecting earthquakes, and
widespread use in Japan of a disaster prevention system that gives
advance warning of earthquakes likely to occur at a distance of 50km o
more.
87 / 2016 86 / 2011
04:Practical use in Japan of a mid-term (5 - 10 years in advance) prediction
technique for large-scale (Magnitude 8 or larger) earthquakes based on
analyses of the crustal strain distribution and past earthquake records.
88 / 2026 87 / 2017
05:Development of fire-fighting and rescuing technologies for fires
occurring in high-rise buildings. 54 / 2012 59 / 2006
06:Introduction of robots to fire-fighting activities and their widespread use
in search and rescue operations in fire events in Japan. 53 / 2016 55 / 2010
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
09:Widespread use in Japan of remote monitoring and control systems for
enhancing the safety of life line (e.g. water, electricity and gas). 72 / 2011 80 / 2007
15:Practical use in Japan of a safe and rational demolition technology for
decommission of commercial nuclear power plants. 80 / 2015 92 / 2009
18:Widespread use of various urban environmental information  (e.g. levels
of pollution and greening) obtained through monitoring based on remote
sensing technology in urban environmental control in Japan.
62 / 2013 53 / 2010
19:Elucidation of the relationship between green resources, such as forests,
and human physiology and psychology, leading to the widespread use of
city planning, forest development and landscaping techniques based on it
in Japan.
50 / 2017 53 / 2010
20:Widespread use in Japan of active environmental clean-up facilities that
absorb and fix air pollutants such as CO2, NOx and freons in urban areas,
where the majority of emissions occur.
73 / 2018 79 / 2016
21:Widespread use in Japan of compact, efficient wastewater treatment
systems capable of treating refractory substances and hazardous
substances via biotechnology.
72 / 2015 69 / 2010
22:Practical use in Japan of a technology to clean up polluted closed sea
areas in the vicinity of major cities by constructing various facilities for
seawater purification, replacement, etc.
66 / 2016 64 / 2014
27:Spread of community-based efforts to utilize unused energy sources and
recycle household wastes etc. in Japan. 72 / 2014 79 / 2009
28:Widespread use in Japan of community-level nonpotable water supply
systems to reuse highly treated wastewater and sewage for landscaping
and other miscellaneous purposes in large cities.
51 / 2014 62 / 2009
29:Widespread use in Japan of technological systems for automatic
separation of combustibles, metal, glass, and other substances from city
garbage and other general wastes in terms of hardness, specific gravity,
moisture, and color, etc.
62 / 2014 79 / 2009
32:Widespread use in Japan of energy-self-sufficient buildings and houses
through advancements in natural energy utilization technologies. 64 / 2017 60 / 2013
37:Widespread use at Japanese urban public facilities of information
systems with a human interface, which can be used by senior citizens and
disabled people with the same ease as normal healthy adults.
59 / 2014 58 / 2010
40:Development of interior finishing materials which possess functions for
sensing temperature, humidity, etc., and adjusting indoor environment. 32 / 2014 32 / 2011
42:Widespread use in Japan of houses in which rooms and furnishing can be
easily altered or converted in step with alternation of generations or shift
in life stages.
55 / 2013 51 / 2008
43:Widespread use in Japan of houses equipped with robots and other
devices that assist senior citizens and disabled people with everyday
tasks, including eating meals, bathing, going to the toilet, and having
entertainment, to carry these out without human
61 / 2017 56 / 2014
48:Development of intelligent structural materials with self-diagnostic and
self-repairing functions. 42 / 2018 44 / 2015
49:Widespread use in Japan of inspection techniques that enable easy
detection of deterioration and crack existing inside steel structures. 56 / 2012 57 / 2008
50:Development of highly durable high-performance bonding agents for
steel, enabling substantial rationalization of construction. 43 / 2018 47 / 2015
51:Development of new materials to replace reinforced concrete leading to
easier field work. 52 / 2020 53 / 2018
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Topic
Importance index/
Forecasted realization time
7th survey 6th survey
52:Widespread use in Japan of intelligent robots on construction sites to
reduce construction period and to ensure safety. 52 / 2014 53 / 2011
54:Development of construction techniques which incorporate built-in
maintenance and demolition functions for buildings and civil structures. 52 / 2015 56 / 2013
55:Widespread use in Japan of integrated data (land ownership, use,
transactions etc.) obtained through GIS (geographical information
system) in land policy and urban planning.
63 / 2011 59 / 2009
56:Realization of marine cities by progress in offshore engineering. 35 / 2023 37 / 2021
58:Establishment in Japan of a wide-area integrated water management
technique covering rivers, dammed reservoirs, etc., leading to widespread
use of efficient water resource utilization systems in major urban zones.
68 / 2014 83 / 2009
59:Practical use in Japan of technologies for surveying existing embedded
objects and ground properties lying deeper than 5 meters from the
surface, in response to increasing use of underground space.
50 / 2014 48 / 2009
60:Practical use of technology system needed to build cities systematically
in remote areas such as deserts and polar regions. 23 / 2025 25 / 2022
61:Practical use in Japan of a technology to construct super high-rise
buildings (around 1,000 m tall) with living spaces. 27 / 2022 27 / 2020
62:Realization of facilities in the outer space where people in general can
live in long period.(at least one year) 26 / 2029 30 / 2025
63:Practical use in Japan of the technology to utilize long service-life
concrete and steel (at least 100 years) aiming at improving the durability
of buildings and civil structures.
66 / 2013 61 / 2008
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15.7. Table of survey results
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1 210 16 28 57 78 58 37 5 0 40 16 86 5
2 183 10 25 66 84 69 28 3 0 43 8 86 2
X 18 100 0 0 94 89 11 0 0 39 6 94 6
1 210 12 29 59 73 52 36 11 1 33 11 83 5
2 176 7 27 66 82 66 30 5 0 33 6 91 1
X 13 100 0 0 92 85 15 0 0 46 15 77 8
1 201 15 29 56 78 62 28 10 1 44 13 77 8
2 167 10 27 63 87 75 21 4 0 48 5 81 3
X 17 100 0 0 88 76 24 0 0 53 6 65 6
1 184 9 30 60 83 69 25 4 1 46 22 74 14
2 155 5 30 65 88 77 21 1 1 50 11 81 5
X 8 100 0 0 94 88 13 0 0 50 13 75 0
1 134 7 27 66 59 27 53 20 0 32 4 82 4
2 113 5 20 74 54 17 66 17 0 28 1 91 0
X 6 100 0 0 71 50 33 17 0 33 0 83 0
1 127 8 20 72 54 23 49 25 2 28 2 83 9
2 106 5 13 82 53 17 61 22 0 21 1 90 5
X 5 100 0 0 80 60 40 0 0 20 0 100 0
1 219 13 34 53 72 47 46 7 0 47 9 81 5
2 185 10 32 57 73 48 48 3 0 44 1 85 2
X 19 100 0 0 81 61 39 0 0 58 0 84 11
1 118 9 19 71 49 18 44 35 3 14 8 92 3
2 109 3 15 83 48 15 49 34 2 7 2 93 0
X 3 100 0 0 67 33 67 0 0 0 0 100 0
1 184 10 25 65 71 47 44 9 0 47 5 88 1
2 153 5 23 72 72 46 49 5 0 46 1 86 0
X 8 100 0 0 94 88 13 0 0 50 0 75 0
1 109 4 17 79 43 12 44 35 9 20 2 90 4
2 98 2 11 87 42 9 46 40 5 17 0 91 1
X 2 100 0 0 50 0 100 0 0 50 0 100 0
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Importance (index, %)
Widespread use in Japan of warning, forecasting,
evacuation assistance and crowd control systems
that dramatically reduce human loss in the event
of a natural disaster involving rivers, roads, etc.
based on localized weather forecasts.
Practical use of disaster forecasting and
information transfer systems incorporating studies
in social and behavioral psychology in order to
prevent panic in big cities in the event of major
earthquakes or fires.
Development of a nationwide network for
detecting earthquakes, and widespread use in
Japan of a disaster prevention system that gives
advance warning of earthquakes likely to occur at
a distance of 50km o more.
Practical use in Japan of a mid-term (5 - 10 years
in advance) prediction technique for large-scale
(Magnitude 8 or larger) earthquakes based on
analyses of the crustal strain distribution and past
earthquake records.
Development of fire-fighting and rescuing
technologies for fires occurring in high-rise
buildings.
Introduction of robots to fire-fighting activities
and their widespread use in search and rescue
operations in fire events in Japan.
Development in Japan of technology for real-time
monitoring of damage to urban infrastructures
and life line networks at the time of a natural
disaster.
Widespread use in Japan of excrements treatment
equipment for use when electricity, gas and water
supplies have ceased as a result of a disaster .
Widespread use in Japan of remote monitoring
and control systems for enhancing the safety of
life line (e.g. water, electricity and gas).
Widespread use in Japan of urban surveillance
systems in order to prevent violent crimes.
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1 4 56 40 7 0 26 30 54 37 52 8 10 13 4 6 13 7 8
1 4 67 38 2 0 22 26 63 33 58 4 7 10 2 5 15 4 4
0 6 94 56 11 0 0 39 50 44 67 0 0 11 0 0 11 6 6
5 7 33 59 8 0 24 36 51 45 45 3 8 4 2 2 14 8 4
2 5 28 70 3 0 19 35 57 48 45 1 8 4 1 1 16 6 1
0 0 54 62 8 0 8 23 54 62 38 0 8 0 0 0 31 8 0
9 9 85 28 2 0 9 23 43 45 54 4 5 5 4 2 14 3 5
7 5 92 25 1 0 4 18 50 53 65 2 4 4 2 1 20 1 2
6 0 94 41 0 0 0 18 47 53 41 12 6 6 6 0 24 0 0
22 8 82 32 5 1 10 35 34 54 52 5 5 2 4 3 15 6 6
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2 4 19 72 9 0 20 16 39 24 40 12 16 13 2 1 13 1 7
1 4 17 81 4 0 12 9 50 22 58 6 12 13 2 0 13 2 3
0 0 50 83 0 0 0 0 33 17 83 17 0 0 0 0 17 0 0
9 2 49 44 6 0 29 14 41 28 50 20 6 4 2 0 13 5 8
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0 0 80 80 0 0 0 0 40 60 60 20 0 0 0 0 0 20 0
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0 0 100 38 0 0 0 13 88 38 13 13 13 0 0 0 0 0 13
23 15 11 56 13 0 30 17 36 30 27 9 25 10 4 0 22 48 3
19 7 9 73 9 0 19 9 45 40 27 2 29 15 5 0 17 55 0
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1 147 8 24 67 57 27 48 24 1 14 15 88 4
2 123 6 19 76 56 22 55 22 0 10 6 96 1
X 7 100 0 0 71 43 57 0 0 0 0 100 0
1 85 5 15 80 54 18 64 18 0 13 1 95 5
2 76 0 13 87 50 7 79 14 0 9 0 96 0
X 0 0 0 0 0 0 0 0 0 0 0 0 0
1 190 19 31 50 64 36 50 14 1 36 12 81 3
2 157 16 34 50 62 28 63 9 0 37 5 86 1
X 25 100 0 0 64 32 60 8 0 44 12 80 8
1 203 30 29 41 79 60 35 4 0 56 17 74 17
2 166 27 31 42 84 69 29 2 0 70 6 77 8
X 45 100 0 0 91 82 16 2 0 64 11 82 11
1 104 8 26 66 75 54 38 8 0 50 64 48 8
2 94 6 26 68 80 61 38 1 0 56 74 46 1
X 6 100 0 0 75 50 50 0 0 50 100 50 0
1 200 26 33 41 74 50 45 5 0 67 7 71 7
2 163 24 37 39 75 52 45 3 0 73 3 77 1
X 39 100 0 0 80 62 36 3 0 56 3 79 3
1 161 14 31 55 53 22 49 27 2 52 9 67 3
2 134 11 26 63 51 16 58 26 1 55 4 80 0
X 15 100 0 0 72 47 47 7 0 60 7 80 0
1 193 12 29 59 61 32 52 16 1 34 64 63 8
2 158 9 29 62 62 29 60 10 0 27 75 65 4
X 14 100 0 0 89 79 21 0 0 50 71 71 29
1 162 14 24 62 53 22 50 27 2 25 56 69 13
2 133 8 26 66 50 14 60 24 2 12 65 77 7
X 11 100 0 0 68 36 64 0 0 27 73 82 18
1 112 10 20 71 69 45 41 13 1 32 83 51 11
2 96 3 19 78 73 49 44 7 0 22 85 47 4
X 3 100 0 0 75 67 0 33 0 67 100 67 33
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Widespread use in Japan of technology to treat
river water quickly for general use (including
drinking) in the event of a disaster.
Widespread use in Japan of technology to counter
electromagnetic waves in hospitals and other
public buildings and on public transport facilities
in response to the growing utilization of artificial
organs.
Widespread use in Japan of systems that detect
the danger of landslide in advance based on the
elucidation of its mechanisms and that
accordingly assist with appropriate accident
prevention measures such as road closure.
Widespread use in Japan of technology that
accurately simulates the behaviors of structures or
the ground at the time of a string earthquake.
Practical use in Japan of a safe and rational
demolition technology for decommission of
commercial nuclear power plants.
Widespread use in Japan of technology to assess
the soundness of foundations of existing
structures through non-destructive evaluation, and
to rationally enhance earthquake resistance.
Widespread use in Japan of systems that maintain
and control buildings safely and efficiently using
remote measuring technology.
Widespread use of various urban environmental
information  (e.g. levels of pollution and
greening) obtained through monitoring based on
remote sensing technology in urban
environmental control in Japan.
Elucidation of the relationship between green
resources, such as forests, and human physiology
and psychology, leading to the widespread use of
city planning, forest development and
landscaping techniques based on it in Japan.
Widespread use in Japan of active environmental
clean-up facilities that absorb and fix air
pollutants such as CO2, NOx and freons in urban
areas, where the majority of emissions occur.
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1 5 47 29 12 0 37 7 35 27 43 31 22 3 5 8 12 1 4
1 5 63 29 10 0 27 1 44 19 63 28 21 2 1 10 13 1 2
0 0 100 29 14 0 0 0 14 43 43 29 14 0 0 0 0 0 14
0 5 34 52 27 0 24 11 48 28 45 19 15 33 1 0 7 14 6
1 3 39 67 13 0 17 5 59 24 55 16 13 33 1 0 5 21 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 6 69 13 7 1 22 19 49 46 59 7 5 12 2 6 8 3 6
3 3 83 12 6 0 13 10 58 47 73 3 3 10 1 6 11 2 1
4 4 92 16 16 0 8 20 60 48 76 0 0 4 0 4 8 4 8
2 4 89 46 5 0 4 34 45 44 71 6 3 2 0 3 8 2 4
2 1 94 43 1 0 3 30 46 49 83 2 3 2 0 2 10 2 2
0 4 98 67 2 0 0 47 47 58 82 4 2 4 0 0 13 2 4
6 8 30 55 52 0 13 30 55 33 58 9 15 12 1 21 18 2 5
3 3 31 69 56 0 7 22 62 35 72 3 13 9 1 29 27 1 1
0 0 83 50 50 0 0 0 67 50 67 0 17 0 0 33 17 0 0
2 1 76 33 13 0 13 28 49 37 61 21 8 10 1 2 8 3 4
1 1 87 30 8 0 8 23 55 31 75 13 8 7 1 2 7 1 2
3 0 97 33 10 0 3 23 59 31 77 13 5 8 0 0 13 0 0
3 7 50 45 10 0 24 24 37 36 50 23 14 5 1 0 15 2 3
1 5 63 55 9 0 16 19 40 37 66 16 11 4 1 0 13 1 1
0 0 87 60 13 0 0 20 53 40 53 20 0 0 0 0 20 0 0
3 8 27 59 31 0 25 23 47 48 53 18 12 11 1 7 5 5 5
2 3 18 74 28 0 18 18 48 53 65 12 8 7 1 8 5 5 2
0 0 43 93 50 0 0 43 71 36 57 21 14 7 0 0 7 7 0
6 12 16 29 45 1 34 38 36 35 43 14 11 14 1 12 4 6 3
3 8 10 21 59 1 31 43 40 35 54 8 7 15 1 17 2 8 1
9 0 18 55 82 0 9 45 45 27 73 9 18 27 0 9 9 18 0
8 13 32 30 33 0 38 25 51 46 57 24 10 19 2 12 4 5 7
6 9 36 27 43 0 36 22 59 42 72 19 5 17 2 19 1 4 3
33 0 100 67 33 0 0 33 100 100 100 33 33 0 0 0 0 0 0
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1 103 7 17 77 71 47 45 9 0 34 75 59 13
2 89 3 7 90 72 47 47 6 0 24 84 64 3
X 3 100 0 0 100 100 0 0 0 33 67 0 0
1 124 15 19 66 66 38 50 11 1 33 74 53 6
2 107 13 14 73 66 36 59 5 1 24 84 52 3
X 14 100 0 0 84 71 21 7 0 36 71 64 0
1 82 7 22 71 58 23 63 14 0 20 78 44 13
2 69 3 16 81 55 14 75 10 0 14 86 41 9
X 2 100 0 0 75 50 50 0 0 0 100 0 0
1 165 13 26 61 72 48 42 10 0 33 81 48 15
2 138 9 21 70 74 52 40 8 0 23 87 44 6
X 13 100 0 0 85 69 31 0 0 54 77 62 8
1 118 6 14 80 48 21 35 37 7 23 92 14 12
2 98 3 10 87 42 13 35 47 5 15 96 9 6
X 3 100 0 0 83 67 33 0 0 67 100 33 0
1 76 13 21 66 85 71 29 0 0 43 79 36 9
2 71 10 15 75 91 81 19 0 0 49 86 31 4
X 7 100 0 0 93 86 14 0 0 43 100 14 0
1 178 14 13 72 71 47 44 9 1 44 71 60 8
2 147 9 15 76 72 47 48 5 1 40 81 56 3
X 13 100 0 0 88 77 23 0 0 54 85 54 8
1 170 11 19 71 54 22 53 22 4 30 54 62 4
2 139 6 19 76 51 13 67 18 1 26 63 69 1
X 8 100 0 0 63 25 75 0 0 50 63 88 0
1 120 8 13 79 67 39 52 8 1 39 64 54 5
2 103 5 11 84 62 27 68 4 1 33 71 55 2
X 5 100 0 0 80 60 40 0 0 80 60 40 0
1 188 26 35 40 68 39 52 8 0 70 48 33 8
2 164 26 34 40 64 31 64 4 1 78 49 25 3
X 43 100 0 0 72 47 51 0 2 79 47 28 2
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Widespread use in Japan of compact, efficient
wastewater treatment systems capable of treating
refractory substances and hazardous substances
via biotechnology.
Practical use in Japan of a technology to clean up
polluted closed sea areas in the vicinity of major
cities by constructing various facilities for
seawater purification, replacement, etc.
Practical use of technology that detects
physiological changes in soil microorganisms and
plants to measure the level of environmental
pollution.
Widespread use in Japan of development technology
aimed at coexistence with nature (e.g. conservation of
ecosystems and creation of wildlife habitats) through
the elucidation of the mechanisms whereby
development impacts on ecosystems.
Widespread use throughout the world of
technology for afforestation and turning desert
into farmland to inhibit the advance of
desertification.
Practical use of technology for disposing of high-
level radioactive waste.
Spread of community-based efforts to utilize
unused energy sources and recycle household
wastes etc. in Japan.
Widespread use in Japan of community-level
nonpotable water supply systems to reuse highly
treated wastewater and sewage for landscaping
and other miscellaneous purposes in large cities.
Widespread use in Japan of technological systems
for automatic separation of combustibles, metal,
glass, and other substances from city garbage and
other general wastes in terms of hardness, specific
gravity, moisture, and color, etc.
Widespread use of design methods for civil
engineering and building structures that
incorporate LCA (Life Cycle Assessment)
concepts.
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0 5 39 42 33 0 24 35 50 52 61 31 17 11 0 18 7 1 5
0 2 43 53 30 0 17 27 54 53 69 26 17 9 0 24 3 0 2
0 0 67 33 67 0 0 33 33 33 33 67 33 0 0 33 0 0 0
10 10 43 26 26 0 34 22 50 41 56 19 11 17 2 22 3 3 6
6 7 51 19 21 0 33 24 59 43 71 12 6 13 1 36 2 3 2
7 0 86 36 36 0 7 57 64 43 57 21 7 0 0 29 0 0 0
2 6 34 50 39 0 27 32 34 44 63 20 5 7 0 11 4 2 7
0 6 30 51 39 0 22 28 41 49 71 13 4 4 1 17 3 0 1
0 0 50 50 100 0 0 0 50 50 50 0 0 0 0 0 0 0 0
8 8 30 36 55 1 21 41 42 57 61 10 8 19 1 15 1 2 4
7 5 22 31 62 1 19 35 41 62 68 4 4 18 1 22 1 1 1
8 0 46 62 62 0 8 46 46 62 54 15 15 0 0 31 0 8 8
5 17 27 35 19 5 38 36 36 52 54 13 3 4 2 28 1 5 6
3 10 24 39 15 3 42 43 28 57 64 10 0 3 1 39 0 3 1
0 0 67 100 67 0 0 67 100 100 67 67 0 0 0 0 0 0 0
5 12 33 62 66 0 12 26 55 51 58 4 8 17 1 30 24 12 4
4 1 24 66 73 0 7 21 63 61 68 3 7 20 1 44 23 7 1
0 0 29 86 71 0 0 43 86 57 71 0 0 29 0 43 29 0 0
4 7 29 22 69 0 18 29 47 32 43 35 30 29 2 13 6 4 4
2 3 24 12 80 0 14 22 56 32 50 35 28 29 3 17 5 3 1
0 0 46 31 92 0 0 31 69 46 69 62 38 15 0 38 8 0 8
8 9 29 16 32 2 34 16 38 25 36 24 31 19 4 9 7 2 7
6 5 32 10 46 1 32 8 46 26 45 20 36 17 4 12 7 1 2
0 0 75 0 63 0 0 13 50 25 63 75 50 13 13 13 0 0 0
3 7 38 18 40 0 31 18 38 28 44 41 26 20 1 13 8 9 8
1 3 45 10 51 0 27 12 40 28 58 47 22 15 1 20 4 7 2
0 0 100 0 60 0 0 20 60 20 60 100 40 20 0 20 0 20 0
0 3 32 38 43 1 18 32 54 34 43 14 25 27 1 5 6 5 5
0 2 29 38 58 1 18 24 71 33 48 8 21 24 1 2 9 5 2
0 2 40 33 58 0 9 26 74 35 35 7 19 23 2 2 7 0 2
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1 111 7 21 72 62 30 58 12 0 40 77 45 5
2 89 3 22 74 62 25 72 3 0 34 88 43 6
X 3 100 0 0 100 100 0 0 0 100 33 33 0
1 164 9 20 71 64 37 46 16 1 40 73 51 5
2 134 8 17 75 64 32 60 7 0 39 85 43 4
X 11 100 0 0 77 55 45 0 0 64 82 45 0
1 140 9 19 71 61 31 52 17 0 42 67 44 6
2 115 7 19 74 61 27 62 11 0 37 83 43 3
X 8 100 0 0 81 63 38 0 0 50 63 50 0
1 158 11 23 65 56 22 58 20 0 38 78 30 4
2 127 8 23 69 55 19 64 17 0 34 87 26 2
X 10 100 0 0 80 60 40 0 0 60 80 20 0
1 148 8 24 68 38 8 37 48 8 13 9 82 19
2 126 7 24 69 34 3 36 53 8 6 4 84 13
X 9 100 0 0 50 22 44 22 11 11 0 67 33
1 177 11 28 61 57 26 52 22 1 69 19 71 5
2 152 11 31 59 58 23 67 10 1 75 13 71 1
X 16 100 0 0 72 44 56 0 0 81 13 75 0
1 149 11 22 66 60 29 54 17 1 25 3 95 10
2 130 10 19 71 59 24 66 10 0 24 1 92 5
X 13 100 0 0 77 54 46 0 0 46 0 92 15
1 211 18 27 55 53 23 44 32 2 16 13 96 8
2 162 18 23 59 49 15 53 30 1 11 7 96 4
X 29 100 0 0 65 34 55 10 0 17 10 97 10
1 155 10 18 72 52 16 59 24 1 14 1 95 8
2 132 9 15 76 48 6 74 19 1 8 1 98 2
X 12 100 0 0 60 25 67 8 0 8 8 100 8
1 105 7 30 64 38 10 30 56 5 16 10 90 5
2 86 3 28 69 32 5 17 76 2 10 5 91 2
X 3 100 0 0 75 67 0 33 0 0 0 100 0
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Widespread use in Japan of a highly efficient
heating and cooling system through a
combination of solar energy and super heat
pumps.
Widespread use in Japan of energy-self-sufficient
buildings and houses through advancements in
natural energy utilization technologies.
Widespread use in Japan of dispersed energy
supply systems for houses utilizing fuel cells,
cogeneration, etc.
Practical use of housing made from fully
recyclable materials.
Practical use in Japan of design methods using
technology for measuring human sensitivity and
feelings towards the environment.
Widespread use of ITS  (Intelligent
Transportation System) on arterial roads in Japan.
Widespread use at Japanese urban public
facilities of information systems with a human
interface, which can be used by senior citizens
and disabled people with the same ease as normal
healthy adults.
Practical use in Japan of social infrastructure
design methods that include human psychological
aspects, such as rivers that instill a feeling of
tranquility and pathways that are inviting to walk
along.
Widespread use in Japan of systems for guiding
visually impaired people on footpaths using
various sensors.
Development of interior finishing materials which
possess functions for sensing temperature,
humidity, etc., and adjusting indoor environment.
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4 9 43 28 26 1 30 8 42 24 44 40 32 15 4 14 3 3 9
2 2 64 22 24 1 18 3 51 18 56 39 29 11 3 13 2 3 3
0 0 67 67 33 0 0 33 33 33 67 67 67 33 0 0 0 0 0
10 4 31 29 49 0 32 16 41 33 44 37 34 13 4 9 1 4 5
8 0 32 24 61 1 24 11 49 34 54 34 37 12 4 8 1 3 2
0 0 55 27 55 0 9 9 73 18 55 45 45 9 9 9 0 9 0
1 8 44 39 37 2 24 14 49 25 50 40 42 10 1 11 5 1 5
0 3 53 40 39 1 20 11 57 24 57 39 49 8 1 13 3 0 2
0 0 88 50 38 0 0 13 63 25 63 50 25 13 0 13 0 0 0
7 11 37 12 34 0 39 16 48 32 42 36 30 20 3 8 6 5 6
6 6 46 6 35 1 31 6 63 25 44 36 35 16 1 7 6 4 1
0 0 80 10 40 0 10 10 70 10 50 50 30 10 10 0 0 10 0
11 15 20 22 23 0 44 39 33 39 38 15 4 3 1 3 3 11 4
13 12 17 21 22 0 48 40 33 41 42 10 2 2 2 2 1 15 1
22 0 67 33 33 0 22 56 33 56 44 33 0 0 0 0 0 22 0
1 2 50 64 27 2 13 14 60 35 45 20 29 12 2 7 15 7 4
1 1 54 68 14 1 9 7 70 36 55 13 28 7 1 3 20 4 0
0 0 81 81 38 0 0 19 88 44 63 13 31 19 0 0 13 0 0
1 3 25 43 30 0 29 26 49 33 45 28 17 15 0 1 7 9 5
1 2 14 56 28 0 22 16 66 32 58 25 12 10 0 1 6 6 0
0 0 23 77 15 0 0 31 69 46 62 23 15 8 0 0 0 0 0
5 9 23 23 50 1 30 47 34 32 36 9 22 9 4 6 6 6 6
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2 6 33 33 30 0 30 22 39 32 52 25 16 12 1 1 12 5 5
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0 0 75 42 17 0 0 17 75 50 83 25 0 17 0 0 8 0 0
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1 108 4 31 65 48 11 58 29 1 10 11 96 3
2 84 4 30 67 47 6 73 20 1 5 8 99 1
X 3 100 0 0 58 33 33 33 0 0 0 100 0
1 150 15 32 53 54 22 51 25 2 30 28 86 2
2 116 20 28 53 55 18 66 16 1 29 26 92 0
X 23 100 0 0 62 30 61 4 4 43 22 91 0
1 123 9 18 73 60 32 45 21 2 21 2 94 7
2 96 8 18 74 61 26 64 9 0 17 1 99 2
X 8 100 0 0 75 50 50 0 0 38 0 100 13
1 104 7 29 64 55 23 51 26 0 10 10 96 9
2 80 6 26 68 51 11 71 18 0 3 4 99 1
X 5 100 0 0 60 20 80 0 0 0 0 100 0
1 182 21 38 41 52 19 52 28 1 79 26 27 14
2 148 20 39 41 51 13 65 22 0 94 19 19 4
X 30 100 0 0 61 27 63 10 0 83 23 23 3
1 203 33 33 34 67 40 47 13 0 78 8 60 9
2 161 32 31 37 66 35 58 7 0 88 4 55 1
X 52 100 0 0 75 51 49 0 0 87 8 58 4
1 211 24 38 37 58 26 54 20 0 70 23 41 18
2 175 21 38 41 57 20 66 13 0 83 18 38 12
X 37 100 0 0 73 46 54 0 0 84 11 32 14
1 142 11 39 49 43 11 44 43 3 63 12 44 15
2 112 11 40 49 42 7 48 44 1 79 5 42 7
X 12 100 0 0 50 17 50 33 0 83 0 42 8
1 163 13 36 50 61 31 48 20 0 66 7 53 10
2 130 12 40 48 56 21 63 16 0 80 3 52 3
X 15 100 0 0 60 27 60 13 0 67 0 60 0
1 125 10 29 61 46 12 48 39 2 77 5 21 17
2 106 10 25 65 43 5 57 39 0 90 2 17 8
X 11 100 0 0 55 18 64 18 0 100 0 0 0
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Widespread use in Japan of indoor environmental
control technology that deals with indoor air
pollution.
Widespread use in Japan of houses in which
rooms and furnishing can be easily altered or
converted in step with alternation of generations
or shift in life stages.
Widespread use in Japan of houses equipped with
robots and other devices that assist senior citizens and
disabled people with everyday tasks, including eating
meals, bathing, going to the toilet, and having
entertainment, to carry these out without human.
Establishment of impact assessment methods that
look at causal substances as a whole rather than
individually following elucidation of the
substances that give rise to sick-house syndrome.
Widespread use in Japan of new structural
materials made from newly-developed materials
for buildings, bridges, weirs, etc.
Widespread use in Japan of design methods that
ensure the desired performance of structures
based on a quantitative evaluation of their safety
and durability.
Widespread use in Japan of a comprehensive
database of design conditions, such as soil
characteristics, geology and weather, necessary
for planning and designing.
Development of intelligent structural materials
with self-diagnostic and self-repairing functions.
Widespread use in Japan of inspection techniques
that enable easy detection of deterioration and
crack existing inside steel structures.
Development of highly durable high-performance
bonding agents for steel, enabling substantial
rationalization of construction.
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Development of new materials to replace
reinforced concrete leading to easier field work.
Widespread use in Japan of intelligent robots on
construction sites to reduce construction period
and to ensure safety.
Widespread use in Japan of methods in which
building users assess the overall feeling and
usability of a building through virtual reality, and
this assessment is reflected in the building design.
Development of construction techniques which
incorporate built-in maintenance and demolition
functions for buildings and civil structures.
Widespread use in Japan of integrated data (land
ownership, use, transactions etc.) obtained
through GIS (geographical information system) in
land policy and urban planning.
Realization of marine cities by progress in
offshore engineering.
Practical use in Japan of design and construction
technology for floating airports along coastal
areas.
Establishment in Japan of a wide-area integrated
water management technique covering rivers,
dammed reservoirs, etc., leading to widespread
use of efficient water resource utilization systems
in major urban zones.
Practical use in Japan of technologies for
surveying existing embedded objects and ground
properties lying deeper than 5 meters from the
surface, in response to increasing use of
underground space.
Practical use of technology system needed to
build cities systematically in remote areas such as
deserts and polar regions.
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Practical use in Japan of a technology to construct
super high-rise buildings (around 1,000 m tall)
with living spaces.
Realization of facilities in the outer space where
people in general can live in long period.(at least
one year)
Practical use in Japan of the technology to utilize
long service-life concrete and steel (at least 100
years) aiming at improving the durability of
buildings and civil structures.
Development of technology for forecasting cost-
effectiveness of urban and national land plans
using large-scale numerical simulation.
Elucidation of the impact the increasing
sophistication of information networks has on
regional communities, and on interchanges within
and between generations.
Practical use of a system enabling residents to
readily draw up proposals for district plans that
make the most of regional characteristics.
Practical use of a system that can measure in
monetary units the external diseconomy buildings
have on the surrounding residential environment.
Widespread use in various regions in Japan of a
system for providing information such as safe
living, road development, and environmental
preservation that residents can readily understand.
Widespread use in Japan of a new system in
which communities and residents coordinate and
cooperate with each other to prevent crimes from
being committed by persons suffering from
mental illness.
Widespread construction in Japan of public
facilities using PFI (private finance initiative).
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Widespread use in Japan of a system which facilitates public
participation in regional development and development and
management of the social infrastructure, and which, through
this process, fosters in people a sense of satisfaction that they
have a role to fulfill.
Widespread use in Japan of a framework in which
governments comprehensively evaluates the technological
capability of companies, including post-construction
assessments of work carried out in the past, and gives priority
to this in the tendering and contracting process so as to
ensure the quality of public works.
Widespread use throughout the world of
international standards for all aspects of contracts
and construction of international projects.
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16. Survey results in “Transportation”
16.1. Trends in noteworthy domains
16.1.1. Human-friendly transportation for an affluent future
When considering human-friendly transportation, we wish to consider, first, “normalization of
transportation.”  Even without considering the Transportation Barrier-Free Law, also in order to allow all
members of society to positively act and participate in society, freedom of movement should be made
available for everyone.  As technologies to support it, topic 57 (2015), 54 (2012), 16 (2014), and 53 (2012)
were taken up.  To be more accurate, these problems are related to social decision-making as to who should
bear the cost, and how, rather than purely technological problems.  It is suggested, by response predictions
that it would be more than 10 years before these were in widespread or practical use, that considerable
investment is necessary to settle these topics, and that the topics would be large national projects.
Human-friendly transportation must also be environment-friendly.  The trends in the environment and
energy related areas of transportation will be discussed in the other section, and this section mainly discusses
the topics contributing to the realization of environmentally friendly transportation, mainly from the
viewpoint of transportation guidance and control.  Those topics are 11 (2012), 14 (2014), 12 (2013), and 55
(2011).  As to the former two topics, individual technologies have considerably advanced, but their
integration is recognized to be a problem.  Furthermore, making them socially acceptable will also be a large
hindrance to their widespread use.  It is necessary to widely inform people about what the technologies can
do, and about the social benefits they will make available.  The latter two technologies are already being
experimented on in respective places.  A goal must be to achieve more convenient systems at lower cost.
Since the technologies ask users to endure inconvenience or spare some expenses and time, it is necessary to
understandably explain the possible effects on the environment, congestion, safety, and fairness, when those
technologies are widely used in society, and these efforts to enhance social acceptability must be diligent.
The upgrading of information technology will greatly change the relation between users and the
transportation system, and may be able to make transportation more convenient and abundant.  From this
point of view, topics 13 (2009) and 15 (2012) were set for road transportation, and 56 (2012) and 58 (2009)
were set for public transportation modes.  Of them, the realization times of topics 13 and 58 were forecasted
to be earliest among all the forecast topics in the transportation field, and they are already partially in
practical usage.  The future is already being realized.
However, many experts did not expect information intensification to replace transportation.  As many
as 62% of the experts said topic 60 would not be realized, unlike the other topics.  Information
intensification certainly partially substitutes for transportation, but the above result may suggest that the
experts highly evaluated the synergism that the progress of information intensification would also increase
transportation.
Most of the topics taken up here include many purely technological development topics, as can be seen
from the above.  As such, it cannot be said that the topics would never be realized, and it is not too much to
say that their realization depends on acquiring social acceptability and cost reduction.  The realization of a
really human-friendly, environment-friendly, convenient and affluent transportation system depends on the
explanation efforts as described above, and the evaluation of the system.
(Haruo Ishida)
16.1.2. Efficiency enhancement and upgrading of transportation services
Accompanying the sophistication of society and living, there are needs for efficiency enhancement and
upgrading of transportation services, using the development and progress of information technology.  The
speeding up, pleasantness, and convenience of transportation modes will be pursued in an environmentally
friendly manner.  Further, in addition to mere upgrading and efficiency enhancement of movement per se,
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demands will also increase for more comfortable services during movement.
First, as to the railway system, topic 02 was expected to be realized in the near future (2010).  Repeated
again from a past survey, topic 03 was forecasted to be realized even later compared with the previous
survey (2017), and while there were strong demands to increase R&D funding, apprehension concerning the
natural environment and safety was high.  As new technologies in view of the environment, cost reduction,
and energy conservation, there were high expectations for topics 01 and 10.
For road transportation system, topics 17 and 18 were highly expected.  These technologies are
transportation technologies developed based on information technology, and in the sense of control by a
system, they were taken up as the final targets among ITS (Intelligent Transport Systems).  As to ITS, there
were also such topics as 23 (2015), 11 (2012), and 14 (2014), and they were highly expected to be developed,
technologically, early in the future.
For the water surface transport system, technologies in which information technology is used for
shipbuilding and ship operation were taken up.  They were topics 35 (2013), 37 (2010), and 39 (2013), and it
was forecasted that they would be realized in the relatively near future, with some certainty.  It was not
considered that high-speed marine transportation system technologies, such as topics 33 (2022) and 38
(2016), would be realized in the near future.  Insufficient R&D funding must be responsible for the result,
but the influence on the natural environment was also of concern.
In the domain of air transportation system, for international aviation, topics 47 (2024) and 48 (2020)
were taken up, and for inter-urban transportation, topic 45 (2019) was taken up.  It was forecasted that none
of them would be realized in the near future of within 10 years.  There were high demands for increased
R&D funding, showing recognition that a shortage of funds was a cause of delay in technological
development.
As an in-building transportation system, topic 59 was expected.
As technologies to upgrade transportation services based on the interconnection of different
transportation modes, topics 05 (2012) and 55 (2011) were highly expected to be realized.  In addition,
technologies aimed at upgrading transportation services by using information technology include topic 13
(2009), set for road transportation, and topics 56 (2012) and 58 (2009), set for public transportation.  These
will advance finally into a multi mode transportation system across borders between transportation modes,
and into an information-presenting system of transportation services.
As can be seen from the above, information technology is absolutely necessary to support the
upgrading and efficiency enhancement of transportation services.  However, unlike the other topics, as many
as 62% of the experts said topic 60 would not be realized, showing that many experts did not think
information intensification would substitute for transportation.
A characteristic matter about upgrading, particularly speeding up of transportation, is that many
experts fear a negative influence on the natural environment, and also on safety and peace of mind (topic 3
for railway transportation, topics 17 and 18 for road transportation, topics 33 and 38 for water surface
transportation, and topics 45, 47, and 48 for air transportation).  They indicate the importance of the
environment and safety as elements of technologies to be developed.  This may be one reason the forecasted
realization times of these technological topics did not become sooner compared with the results of the
previous survey.
(Haruo Ishida)
16.1.3. Maintenance
A shrinking population age, caused by the low birth rate in conjunction with more elderly citizens, is
likely to be realized within 10 years.  The decrease of population will lower investment capacity.  The
transportation field will not be exempt from reduced investment, and emphasis laid on new business will be
replaced by emphasis laid on maintaining existing stock, as a current of the times.
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The maintenance dealt with here is limited to routine maintenance and inspection work to maintain
functions.  Other noteworthy domains, such as safety & disaster prevention, and conversion into an
information-intensified and intelligent transportation system, will deal with non-routine matters, such as
emergency control and rehabilitation after occurrences of accidents, and management to prevent facilities
from being damaged by accidents.  According to this viewpoint, six topics (01, 04, 24, 40, 43, 50), among 60,
correspond to maintenance.
Topics 1 through 4 relate to railways.  Topic 1 concerns the practical use of intelligent rolling stock,
intended to lessen the loads on such infrastructure equipment as railroad tracks and aerial lines, to reduce
maintenance cost.  Topic 4 concerns the widespread use of robot technology, for efficiency enhancement
and automation of inspection and maintenance.  Most respondents said that Japan was highly dependent on
railways and was a leader in this field among advanced countries, suggesting that they expected railway
robot-related technological development in Japan.  It was forecasted that both Topics 1 and 4 would be
practically used and widely spread by 10 years from now.  Since maintenance and inspection of railway
business and the like are labor-intensive, the technologies were expected to enhance the efficiency of and
reduce the cost of maintenance and inspection.
Topic 24 concerns the widespread use of bridges made of composite materials using plastics, assuring
easy maintenance.  At present, in Okinawa Prefecture, a pedestrian bridge made of FRP (fiber reinforced
plastic) is being constructed.  It was forecasted that such bridges would be widely used as relatively late as
by about 15 years from now, but depending on the modes of use, they may be widely used earlier.
Topic 40 relates to the practical use of a highly reliable ship that can be operated without maintenance
for about two years, and it was recognized that Japan, which leads in shipping and shipbuilding, would lead
also in the topic.  It was forecasted that its practical use would be realized in 12 or 13 years.  The degree of
realization of practical use was very high, and more than 90% of respondents said the topic would be
realized in time.
Topic 43 relates to plate thickness measurement and crack detection of ships, and is considered also as
one element technology for realizing topic 40.  It was forecasted that practical use of the topic would be
realized by 10 years from now.
Topic 50 concerns the development of a long-use-life-span, large passenger airplane, using composite
materials like those of topic 24.  Since Japan is behind other countries in aircraft, many respondents named
other countries besides Japan as current leading countries.  It was forecasted that it would take not less than
15 years before successful development, and that patient research will be necessary before successful
development.
Topics concerning maintenance belong to an inconspicuous domain, and the number of topics is six,
accounting for 10% of all the topics.  This domain will attract attention when investment potential fades out.
How to efficiently use the presently available assets for longer periods of time is a large issue for people
living in the 21st century, following the buildup of many assets in the 20th century.
(Makoto Nakamura)
16.1.4. Safety and disaster prevention
Ensuring safety of transportation means is a basic condition, and however the speeding up,
pleasantness, and convenience of transportation means may be upgraded, transportation means cannot
achieve their mission unless safe movement is assured.  It is necessary to improve safety in response to
recent social situations, as can be seen in the use of information technology, the development and application
of new materials, the response to the shortage of labor force, and the response to large-scale disasters.
Technological topics directly related to safety were taken up, from this point of view.  Maintenance to
support safety is also an important matter in the mature society of the future, and this is reflected in a
considerable number of topics.  Ensuring safety is a domain in which the role of administration is necessary,
even in the tendency of deregulation.  Triggered by the train derailment accident in the Nakameguro station
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yard of the Eidan Hibiya Line last year, it is planned to establish an accident investigation authority,
corresponding to the aircraft accident investigation committee, also for railways, in the Ministry of Land,
Infrastructure, and Transport.
Safety drew serious concern in the responses to respective technological topics, suggesting that the
topics concerning “Offer of safe transportation services” are generally highly regarded also, as can be seen
from the “degree of importance index by purpose.”  Further, also in the responses to all the topics, many
indicate a “negative influence on safety and peace of mind” of individual technological topics in the column
of “Problems apprehended in Japan,” showing high concern about safety and strong expectation for
ensuring safety.
Technological topics in transportation include (i) those for directly improving safety, and (ii) those for
improving pleasantness and the environment, with safety as a necessary condition.  It can be said that all
topics have close relation to safety and disaster prevention.  Among them, the topics directly related to safety
and disaster prevention are 3 ( 06, 07, 08) among 10 topics for the railway or tram transportation system, 6
topics (19, 20, 21, 22, 23, 24) among 21 for the road transportation system, 5 topics (39, 40, 41, 42, 43)
among 13 for the water surface or underwater transportation system, 1 topic (50) among 8 for the air or
space transportation system, and no topics among 8 for other new transportation systems.
Recently, measures to improve safety using the recently remarkably developing information
technology (GPS, sensor technology, such as remote sensing; data processing and analyzing technology,
simulation technology, etc.) have attracted attention, and topic 6 (2013), topic 8 (2013), topic 21 (2014), and
topic 22 (2012) were taken up.  Particularly, topic 23 (2015) was considered important.  Further, among the
topics concerning the use of information technology, topic 39 (2013) and topic 41 (2010), for supporting
human judgment in the control system or the like, to ensure safety, were considered important in the
responses.  Moreover, topic 42 (2012) was also recognized as necessary for safety improvement.
The development and application of new materials also attracts attention, and topic 19 (2010) and topic
20 (2014) were taken up.
As a response to the labor shortage and skilled workmen shortage, maintenance based on the use of
information technology and new materials is a social problem, and from the viewpoint of supporting safety,
topic 40 (2014), topic 43 (2012), and topic 50 (2018) were taken up.
With regard to disaster prevention, topic 7 (2014) and topic 24 (2016), evaluated high in degree of
importance, were taken up even though they only related to earthquakes, with the Hanshin Awaji Great
Earthquake in mind.  Even without referring to past disasters, such as eruptions of Mt. Usu and the Tokai
Heavy Rain, respectively, occurring last year, in frequently-disaster-stricken Japan, technological
development concerning disaster prevention for earthquakes and the like is required to produce results early,
to improve the safety of transportation means.
For safety and disaster prevention, it is necessary to develop individual technologies, and also to
improve the safety of the transportation means as a whole, considering the roles shared by respective
components of the transportation means.  It is also important to deliberately establish an emergency
transportation scheme, an information transmission scheme, and substitute transportation, in preparation for
any accident or disaster.  With the progress of technologies, mechanical systems are designed to cover more
human errors, and the importance of technological development is not a matter of argument.  However, it
can be considered that, ultimately, ensuring safety results from human judgment, including system design.
From this point of view, it is important to pursue technological development, considering the roles in safety
shared between men and mechanical systems.
(Naoto Egawa)
16.1.5. Environment and energy
As such key words as “recycling society” and “sustainable” can be seen in various areas, concern about
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the environment and resources & energy is surging higher.
For the environment, the particular step of reducing total emission of greenhouse-effect gases, in the
Kyoto Protocol, adopted at the Third Conference of Parties to the United Nations Framework Convention on
Climate Change, held in December 1997, is not advancing, and further, in April 2001, the U.S. opposed it, to
further elevate the concern and crisis feeling of general people.
On the other hand, as the finiteness of energy and resources is being widely recognized, energy-saving
and effective use of resources have become more important.  In the past four years, also in the situation as
described above, decreasing CO2 emission has become a matter of social consciousness, and in addition to
mere energy conservation, the quality of energy used, while taking emissions into account, became a
problem.  This problem was taken up with automobiles, which use great energy in the transportation field,
and in California, in the U.S., which has historically suffered from exhaust emissions, movement for radical
legal regulations began again.
Japanese automobile manufacturers responded to the action, and Nissan and Honda developed new
models in conformity with the regulation levels, while hybrid cars of Toyota are also promising.  Fuel cell
vehicles are entering severe technological development competition among respective manufacturers, and
media have reported that fuel cell vehicles are likely to be practically used soon.  On the other hand, for
diesel vehicles, which have not progressed in emission-reduction, a Tokyo Metropolitan Government policy
of regulating diesel vehicles is taking shape, to raise concern about the environment, and to impress the need
to solve the problem not only by technology but also by policy.
In the manufacturing industry, along with the production of low-pollution versions of products, such as
automobiles, not a few manufacturers have displayed ideas of “the green factory” and “green purchasing,”
with the environmental impact taken into account also in the production processes and the purchasing of
parts.
The need to recycle is further intensively recognized because direct environmental deterioration by the
discharge of used things is viewed as being preventable, and because environmental loads can be reduced by
reusing resources and energy or new production.  The present technologies are now in a stage to allow the
setting of considerably high particular target values, like a new vehicle recyclable rate of no less than 90%
after 2002 (the target of the Japan Automobile Manufacturers Association, Inc.)  Also as legal regulations,
the Specific Household Electric Appliance Re-Merchandising Law (Household Electric Appliance
Recycling Law), to obligate makers to recycle household electric appliances, with the expenses borne by
consumers, was enforced from April 2001, to stress the recognition that recycling is not a mere concept or a
problem of experts only but is a real matter directly connected to living.
Life cycle assessment (LCA) technology, to quantitatively evaluate environmental load reduction, is
also intended to be achieved by recycling advances in respective fields.  It is applied, for example, to an
actual product and parts, to compare the case of recycling with that of new production, or to comparatively
examine environmental loads due to differences in material, design, and production methods.  Thus,
comprehensive consideration toward the environment is expanding.
On the other hand, the concept of the quality of life (QOL), as people’s needs gradually permeate, and
the consciousness of citizens’ rights, as in Europe and America, have become strong.  As such, concern
about noise reduction and the regional environment is also surging.
Also in the latest survey, “Offer of environmentally friendly transportation services” ranked No. 1
(64.4) in the degree of importance index by purpose.  Topics ranking high in the degree of importance index
by topic, include topic 29 (ranking No. 1, year 2011 as forecasted realization time), topic 26 (No. 2, 2014),
topic 30 (No. 3, 2015), topic 11 (No. 6, 2012), topic 44 (No. 8, 2013), topic 27 (No. 9, 2014), topic 09 (No.
10, 2014), etc.  Their forecasted realization times are spread in a range from 2011 to 2015, and they are
wished to be solved in the near future.  Above all, the forecasted realization time of topic 26, also taken up in
the previous survey, remained the same (year 2014), even though it was forecasted that most of the other
topics would be realized in later years compared with the previous survey.  This is estimated to reflect that
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the severe development competition promoted respective makers to publish technologies likely to be
realized soon, one after another, and that social concern has surged.
In addition to the above, topics 14 and 18 were taken up in relation to this domain.  Topic 14 was
expected to some extent, but topic 18 was not so highly expected.
As apprehended problems, “Negative influence on the natural environment” was high, next to “safety
and peace of mind,” showing that the adverse influence of successful technological development, and
practical effects on the environment, were also strongly feared.
Since track rolling stock is originally excellent in energy utilization, and it does not aggravate the CO2
problem, no especially remarkable measure is taken still now, and the introduction of fuel cells into diesel
rolling stock is simply discussed.  Discussed in relation to this problem is a socioeconomic means to induce
passengers from other transportation means, such as automobiles, to track rolling stock.  In the latest survey,
topic 10 corresponds to the issue, and drew some interest.
The importance of CO2 measures for aircraft was indicated, though not as highly as that for motor
vehicles.  The development of a novel engine using hydrogen fuel is being studied, by such international
organizations as ICAO.  In the latest survey, topics 45 and 50 were taken up and drew some interest,
respectively.
With regard to waste reduction and disposal as one environmental problem measure, topic 44 ranked as
high as No. 8 in the degree of importance index, but on the other hand, “Adverse effect on the natural
environment” was considerably indicated for the topic as a problem of concern.  The means for the topic
included such expressions as “mechanical grinding” and “by means of incineration, a drug, etc.” may have
reminded the respondents of the generation of environmental endocrine disruptors, and the surveyor re-
recognized the importance of expression.  With regard to automobile recycling technology, in the previous
survey it was forecasted that “90% will able to be recycled” would be realized, but since the Japan
Automobile Manufacturers Association, Inc. set the target year to achieve a new model recyclable rate of
90% at 2002, the topic was changed to 30.  It was forecasted that the topic would be realized in 2015, and
this result assures us the “solution” will be real.
In problems of the environment, energy-saving, and resource-saving, in the past, social regulations
motivated product development, but in recent years the situation has changed considerably.  There began to
appear a tendency of consumers selecting products reflecting consideration toward this problem,
irrespective of the economical aspect.  If this tendency can exceed the economical motive, it will be pressure
to change products without resorting to legal regulations, but as a general trend, the importance of legal
regulations will remain as important as before, for a while also henceforth.  Aside from improving
individual apparatuses and materials, transportation volume control, as can be seen in topics 11, 14, 15, 17,
37, 39, 49, and 53, will be promising as methods to solve environment and energy conservation problems.
The mounting interest of people in quality of life, the reconsideration of technological and industrial
development, and the present situation and prospect of the economy, will bring about and promote higher
interest in the environment and energy, and greater need for technological development; and, regulations
and obligations to actually exhibit effects will be concurrently promoted
(Takahiro Tsuruga, Keiji Kawachi)
16.1.6. Conversion into information-intensified and intelligent transportation system
Information intensification and making intelligent versions are key technologies for all industries.  The
topics concerning information intensification and making intelligent versions are 5 (01, 04, 06, 07, 09)
among 10 topics for iron and track transportation, 4 topics (11, 15, 17, 23) among 21 for road transportation,
6 topics (34, 35, 37, 39, 40, 41) among 13 for water surface and underwater transportation, 1 topic (49)
among 8 for air and space transportation, and 3 topics (53, 56, 58) among 8 for new transportation systems.
In general, compared with the previous survey, the number of topics remained almost the same.
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The number of topics in the road transportation and air and space transportation domains having room
for development in hardware, is small, and that in railway and track transportation, and in marine
transportation, respectively, said to be mature systems, is large.  This is considered to reflect how
information intensification and making intelligent versions are positioned in this hardware-oriented
transportation field.  As for the content of the topics, about 70% were identical to those in the previous
survey, and many topics rose in level from “practical use” in the previous survey, to “widespread use” in the
latest survey, according to progress.  On the other hand, some topics were taken up based on particular
accidents, and they include a railway derailment preventing system (topic 08), as a subway derailment
accident countermeasure, a seismically safe train stop system (topic 07), found necessary after the Hanshin
Awaji Great Earthquake, though no actual damage occurred, and a robotized tunnel inspection system (topic
04).  Generally there were only a few dreamlike topics, and many topics that were thought likely to be
realized, will in fact be difficult to realize.  The fervor over artificial intelligence of nearly 10 years ago
seems to have calmed.
It can be said that information intensification and making intelligent versions in the transportation
system have features that (i) movable communication is a precondition, (ii) the system should have a
function of control or guidance for the road, marine, or air transportation not regulated by railroad tracks,
and (iii) R&D and fund investment coordinated with other fields matter, rather than pure technologies.
Both topics designers and respondents seem to be confident that hardware, such as movable
communication, is reliable.  However, many things have not been worked out yet, including a ground design
concerning quantitatively estimated information traffic, when many users use the hardware in many modes;
the numbers of ground and satellite communication stations needed for traffic, and the platform to be made
in the future.  In the case of ships and land transportation means, measurement of positions is a problem.
The GPS (Global Positioning System) has become able to measure positions very highly accurately in recent
years, and a future particular information-intensified system for ships and aircraft has begun to loom,
suddenly.  However, to use K-GPS and real time GPS, correction signals must be issued from ground
stations, and, in this, Japan is behind in preparedness.  The perfection of infrastructure is considered to be a
precondition for future technological development.  Further, as to control and guidance, topids 11, 17, 39, 41,
and 49 were taken up.  These topics involve investment of funds and cost for public equipment, since every
motor vehicle or every ship, including a fishing boat, must be a component of the system, and they also
involve the social acceptability problem, such as personal privacy, rather than technologies for information
intensification and making intelligent versions.
In the shipbuilding domain, in which the transportation system is considered an industry, there were
also topics imagining IT development in other industries on land, such as topics 35 and 37.  Therefore, many
technological difficulties are involved, and the development speed and dimensions tend to be quite different,
depending on the judgment of each enterprise as to whether the system is worthy of investment.
Many topics were forecasted to take about 10 to 15 years for realization.  It is difficult to imagine how
the highly information-intensified society will be 10 years from now.  The society is considered to far exceed
the estimation, but it is also considered that very rapid progress will not take place.  In the current survey, the
topics that were also included on the previous survey, were forecasted to be more delayed in realization,
compared with the previous survey, as had been feared.  The transportation system is a social capital, and
how useful information intensification and making intelligent versions will be for improvement of safety
and efficiency, is difficult to evaluate in relation with investment.  Even though the transportation system is
a social system, profitability as an industry must be ensured, and investment of unknown effect must be
avoided.
The difficulty and fretfulness of IT development in this field, amid a global recession were felt from the
results of responses.
(Hiroyuki Yamato)
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16.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating objective. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the topics.
Topic Framework for Transportation field
Domain
Objective
Railway or
track
transportatio
n
system
Road
transportatio
n
system
Water
surface
or
underwater
transportatio
n
system
Air or space
transportatio
n
system
New
transportatio
n
systems
(inter-modal,
seamless
transport)
Comfortable and usable
transportation services
(pleasantness, humanity,
culture, convenience, play
factor, response to a higher
percentage of elderly citizens,
normalization, accessibility)
01 11 12 13 14
15 16
32 45 46 53 54 55 56
57 58
Offer of efficient
transportation services (high
speed, certainty, economic
efficiency, automation/labor-
saving)
02 03 04 05 17 18 33 34 35 36
37 38
47 48 49 59
Offer of safe transportation
services (safety, reliability &
maintainability, robustness,
stability)
06 07 08 19 20 21 22
23 24
39 40 41 42
43
50
Offer of environmentally
friendly transportation
services (environmental
conservation, resource-saving
& energy-saving)
09 10 25 26 27 28
29 30 31
44 51 52 60
16.3. Topics with high degree of importance
The responses of the respondents (excluding those of professional degree “Zero”) on the degree of
importance for Japan were as follows.  The degree of importance index for the transportation field as a
whole was 55.1.  The topics especially high in the evaluated degree of importance for Japan (top 20 topics
high in the degree of importance index) were as shown in the table below.  The topics evaluated highest in
the degree of importance concerned emission control technologies for large motor-trucks, and topics
concerning fuel cells and road transportation system ranked relatively high.
Table 3.16-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
29:Widespread use of technology to reduce the harmful components of
exhaust gas from large trucks to 1/10 of present levels, such as diesel
exhaust catalysts, particulate traps, lean-burn NOx catalysts and high
precision combustion technology.
88 2011
26:Widespread use of electric cars equipped with fuel cells. 83 2014
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Topic Importance index
Forecasted
realization time
30:Resolution of the waste problem of scrapped vehicles through advance in
motor vehicle recycling technology. 82 2015
23:Reduction by half of the traffic accident fatality rate through the use of
anti-collision systems that apply ITS technology. 79 2015
07:Development of a system that detects the initial mild tremors of a plate-
boundary earthquake at appropriate locations, and safely stops trains as
necessary to avoid places that have a high risk of collapse (in response to the
expected earthquake).
75 2014
11:Widespread use of an urban road traffic control system that can ascertain
traffic volume for each direction and make necessary adjustments to achieve
optimum traffic flow so as to save energy and improve the environment.
73 2012
57:Development of public transport facilities and an environment in which
elderly people and disabled people can readily move around within their
sphere of life with ease and safety.
71 2015
44:Practical use of safe and simple FRP vessel disposal technology via
pulverization, incineration, chemical treatment, etc. 71 2013
27:Reduction of the noise generated by heavy-duty freight trucks to the
passenger car levels through improvements in engines, transmissions,
mufflers, tires, road surfaces, etc.
67 2014
09:Utilization of new materials in rails and wheels and improvements in the
technology of structure and vehicle construction, enabling the continuous
operation of Shinkansen bullet trains at a speed of 350 km/h while satisfying
environmental noise standards (70 dB or less for residential areas).
66 2014
49:Practical use of a system in which the radical automation of air traffic
control through advances in computer technology results in a labor saving
of about half the current level.
65 2014
55:Promotion of the use of different means of transport, such as the park-
and-ride system, using real-time information on public transport and road
traffic.
65 2011
04:Widespread use of a system that facilitates the efficient and automatic
check and maintenance of railway vehicles, structures, tracks, etc. through
the use of robotics technology to cope with labor shortages and improve
safety.
64 2012
32:Practical use of floating off-shore airports with 3,000m-class runways with
a service life of about 60 years. 63 2013
31:Widespread use of permeable road pavement, leading to improvements in
the urban environment in ways such as the recharging of ground water and
alleviation of the “heat island" phenomenon.
63 2011
42:Establishment of quantitative ship safety evaluation methods using past
accident data or disaster simulation to set ship safety standards. 60 2012
35:Practical use of a shipbuilding system centering on a large-scale product
database in which intelligent design production modules are dispersed over
a network, leading to a reduction in shipbuilding labor requirements to
about half the present level.
60 2013
39:Practical use of a marine traffic control system that facilitates the safe and
efficient movement of all ships, including fishing boats and pleasure craft,
in congested areas such as Tokyo Bay.
60 2013
10:Practical use of train-mounted energy equipment such as flywheels and fuel
cells to accumulate regenerative energy and reduce the load on transformer
substation at peak time.
59 2014
43:Practical use of maintenance technology that enables safe management
extending over the life cycle of the ship, such as measuring plate thickness,
and detecting and estimating the progress of cracks.
59 2012
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16.4. Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.  In comparing the
distribution of forecasted realization times of all the topics, and the distribution of forecasted realization
times of the transportation field, about 75% of the responses on the forecasted realization times for the topics
of the transportation field are spread up to 2015, and the distribution of forecasted realization times tends to
be almost the same as that of all the topics.  However, it was considered that rather many topics would be
realized in a range from 2011 to 2015, and the peak of 2015 is sharp.
Figure3.16-1   Forecasted realization times
16.5. Current leading countries
The responses to the question concerning current leading countries, etc., are shown in the diagram
below.  Named by 54.4% of the respondents, Japan ranked No. 1 in the transportation field, as a whole,
followed by the U.S. (31.3%) and the E.U. (25.0%).
Figure 3.16-2   Current leading countries  (%)
16.6. Comparison with the 6th Survey (previous survey)
Of the 60 topics included in the latest survey, 13 (21%) were identical on the previous survey, 25 (42%)
were modified, and 22 (37%) were newly introduced.  For the identical topics, the results of the latest survey
were compared with those of the previous survey, in terms of degree of importance index scores and
forecasted realization times, as shown in the table below.
For the 13 identical topics, degree of importance index scores rose for 3 topics, and fell for 10.  All 13
identical topics were forecasted to be later in realization time in the current survey.
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Table 3.16-2 Comparison with 6th survey for identical topics
Topic
Importance index/
Forecasted realization time
7th survey 6th survey
03:Practical use of superconducting magnetically levitated railways with a
maximum speed on the order of 500 km per hour. 57 / 2017 64 / 2011
19:Widespread use of studless tires with road grips equal to or greater than
those of studded tires. 48 / 2010 60 / 2006
27:Reduction of the noise generated by heavy-duty freight trucks to the
passenger car levels through improvements in engines, transmissions,
mufflers, tires, road surfaces, etc.
67 / 2014 74 / 2010
31:Widespread use of permeable road pavement, leading to improvements
in the urban environment in ways such as the recharging of ground water
and alleviation of the “heat island" phenomenon.
63 / 2011 69 / 2008
33:Development of a transoceanic cargo ship based on new technologies
including superconductivity, capable of crossing the Pacific Ocean in two
days (100 knots or faster).
44 / 2022 47 / 2017
34:Development of autonomous, unmanned, underwater investigation
vessels employing artificial intelligence which are capable of
investigating sea-bottom resources and undertaking other activities
without receiving any energy supply or external communication.
52 / 2014 51 / 2009
40:Practical use of high-reliability vessels that can remain in service
maintenance-free for about 2 years, through improvements in the
reliability of hull materials, engines, etc. and the use of a real-time
monitoring system.
51 / 2014 59 / 2008
44:Practical use of safe and simple FRP vessel disposal technology via
pulverization, incineration, chemical treatment, etc. 71 / 2013 69 / 2007
45:Practical use of quiet, energy-saving vertical take-off and landing
(VTOL) airplane for intercity transportation. 50 / 2019 48 / 2014
47:Development of a passenger transport that cruises at Mach 3 - 4 (1.5 - 2
times as fast as the Concorde) with a maximum of 300 passengers on
board (3 times as many as the Concorde), and is capable of crossing the
Pacific Ocean in 3 - 4 hours.
46 / 2024 57 / 2016
48:Development of an ultra-large passenger transport with a gross weight of
1,000 tons (3 times as heavy as a jumbo jet) that cruises at a speed
comparable to those of today's jet transport (around Mach 0.8).
46 / 2020 55 / 2015
50:Development of an energy-efficient and extended-service-life large
passenger transport using composite materials in main structural
elements.
51 / 2018 57 / 2012
59:Practical use of vertical transportation systems for super high-rise
buildings capable of providing a transporting capacity per occupant
volume which is at least five times that of current elevators. (e.g., systems
equipped multiple car-gondolas, turn-back function, and passing
function)
34 / 2017 43 / 2011
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16.7. Table of survey results
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1 187 26 26 48 48 14 50 34 1 48 11 58 4
2 166 23 30 48 45 8 59 33 1 51 4 66 1
X 38 100 0 0 48 16 47 34 3 58 0 63 3
1 199 24 23 54 57 30 43 23 4 56 7 73 2
2 172 22 26 53 56 26 51 21 2 60 2 73 0
X 37 100 0 0 65 36 56 6 3 65 0 84 0
1 216 17 24 60 58 31 43 22 4 75 11 49 18
2 184 16 24 60 57 28 49 19 4 77 7 50 9
X 29 100 0 0 75 55 34 10 0 79 10 66 17
1 204 21 28 51 64 36 46 18 0 68 8 32 11
2 176 20 30 51 64 33 56 11 0 80 6 24 3
X 35 100 0 0 67 40 49 11 0 89 3 17 3
1 211 11 25 64 57 32 36 25 6 64 53 21 1
2 178 9 23 68 58 32 42 22 4 74 56 16 1
X 16 100 0 0 66 44 31 25 0 50 56 13 0
1 189 18 29 53 58 29 47 23 1 32 5 74 6
2 164 17 27 56 57 25 55 20 1 34 1 82 2
X 28 100 0 0 52 21 46 29 4 32 0 82 4
1 154 14 27 58 74 51 42 7 0 37 15 68 10
2 133 9 28 63 75 52 42 5 0 32 7 77 3
X 12 100 0 0 83 67 33 0 0 50 17 67 0
1 174 25 21 54 59 33 40 24 3 29 3 78 7
2 160 20 21 59 58 27 54 17 2 29 1 81 3
X 32 100 0 0 59 31 47 16 6 28 0 84 6
1 183 19 29 52 67 41 45 14 1 58 24 64 3
2 158 17 26 57 66 36 54 9 0 63 12 73 1
X 27 100 0 0 80 59 41 0 0 78 11 81 4
1 169 20 28 51 60 33 43 20 4 43 67 17 6
2 154 18 28 54 59 27 56 16 1 38 80 5 3
X 28 100 0 0 68 43 43 14 0 36 82 7 11
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Importance (index, %)
Practical use of intelligent railway vehicles capable of
providing improved riding comfort and reducing
maintenance cost of ground facilities etc. by automatically
controlling speed and adjusting suspension parameters in
response to track and catenary conditions.
Practical use of a system that enables railway vehicles
mounted on motorized-trucks to roll onto tracks of
different rail gauges, such as Shinkansen bullet train lines
and conventional rail lines, to shorten travelling time and
eliminate the inconvenience of changing trains.
Practical use of superconducting magnetically
levitated railways with a maximum speed on the
order of 500 km per hour.
Widespread use of a system that facilitates the
efficient and automatic check and maintenance of
railway vehicles, structures, tracks, etc. through
the use of robotics technology to cope with labor
shortages and improve safety.
Practical use of a system in which large numbers
of trucks are loaded on railway vehicles to make
the transition between railway and road smoother
and improve efficiency in freight transportation.
Widespread use of a system that uses imaging or
laser technology to detect obstacles on railway
tracks both at crossings and in areas other than
crossings, and brakes the train automatically.
Development of a system that detects the initial
mild tremors of a plate-boundary earthquake at
appropriate locations, and safely stops trains as
necessary to avoid places that have a high risk of
collapse (in response to the expected earthquake).
Development of a system that automatically
detects a threat of derailment of a train during
operation, and prevents the derailment.
Utilization of new materials in rails and wheels and
improvements in the technology of structure and vehicle
construction, enabling the continuous operation of
Shinkansen bullet trains at a speed of 350 km/h while
satisfying environmental noise standards (70 dB or less
for residential areas).
Practical use of train-mounted energy equipment
such as flywheels and fuel cells to accumulate
regenerative energy and reduce the load on
transformer substation at peak time.
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1 6 73 6 28 0 19 16 37 29 55 5 25 3 2 1 20 2 6
1 2 83 3 29 0 10 11 32 25 70 5 24 1 1 1 25 1 3
3 0 89 3 42 0 3 13 29 21 71 3 29 0 0 0 21 0 8
4 3 70 7 36 2 13 9 28 21 57 8 23 5 3 4 24 1 7
1 2 81 2 36 0 8 5 30 16 69 3 26 3 1 2 37 1 3
0 0 95 0 30 0 0 8 30 16 68 3 30 3 0 0 38 0 5
9 7 91 2 20 0 4 16 31 28 58 21 9 5 5 39 31 4 6
10 5 93 0 14 0 2 10 29 30 72 17 5 4 3 48 35 1 5
10 0 97 0 7 0 0 24 31 34 69 24 14 10 7 31 14 0 10
1 3 75 11 23 0 19 22 40 24 51 15 23 3 1 1 22 10 5
1 3 85 4 22 0 9 17 46 18 65 10 23 2 1 1 34 8 3
3 0 89 0 31 0 6 31 37 9 63 6 31 0 3 0 31 9 6
19 7 24 32 39 0 25 8 28 17 24 20 32 11 3 3 8 1 4
19 4 20 33 53 1 20 2 34 8 24 19 45 10 3 1 10 1 6
19 0 13 50 44 0 13 0 31 0 38 25 31 6 6 0 6 0 6
2 4 71 15 16 0 19 13 29 23 51 9 18 6 3 1 14 3 4
1 1 82 9 7 0 12 7 34 16 66 7 18 5 1 1 26 2 4
0 0 82 4 11 0 11 11 32 21 54 4 21 4 4 0 36 4 4
12 8 74 6 2 0 19 22 41 40 56 4 3 1 1 1 10 1 4
12 7 82 2 1 1 14 14 38 40 69 2 2 1 0 0 17 2 4
17 0 100 0 0 0 0 25 17 42 58 8 0 0 0 0 8 0 0
11 7 65 4 16 0 24 16 33 32 55 3 4 7 1 1 9 1 2
8 3 77 1 16 0 18 11 36 31 71 4 3 4 0 0 14 0 3
16 0 78 3 31 0 19 22 38 22 59 3 3 13 0 0 16 0 3
5 7 81 3 33 0 11 23 37 36 66 6 10 3 0 20 21 2 2
5 4 88 1 30 0 6 14 37 39 77 3 6 2 0 24 18 0 3
0 0 89 0 48 0 0 19 30 26 78 4 19 4 0 19 19 0 4
7 6 54 27 22 1 24 24 43 36 62 9 11 2 2 4 8 1 4
4 3 66 21 18 1 16 12 42 37 71 5 6 1 1 1 10 0 5
0 0 79 21 21 0 11 11 54 39 75 7 7 0 0 0 7 0 11
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1 184 10 27 63 72 49 41 9 1 61 52 60 1
2 163 9 23 69 73 48 49 2 0 72 48 62 0
X 14 100 0 0 82 64 36 0 0 86 36 57 0
1 161 9 20 70 46 16 43 36 6 34 33 69 1
2 140 8 16 76 43 11 48 35 7 30 25 79 0
X 11 100 0 0 45 0 82 18 0 18 18 91 0
1 173 9 17 75 46 14 45 36 5 41 14 75 3
2 150 7 15 77 43 7 54 36 3 41 10 82 0
X 11 100 0 0 50 18 55 18 9 64 9 73 0
1 161 7 19 73 55 27 44 25 5 27 61 40 3
2 144 7 15 78 50 17 52 27 4 17 67 42 0
X 10 100 0 0 65 30 70 0 0 0 70 40 0
1 139 6 17 77 28 4 18 59 19 12 6 71 4
2 126 6 13 82 25 0 15 70 15 7 2 81 1
X 7 100 0 0 43 0 71 29 0 0 0 100 0
1 127 8 15 77 41 10 42 40 8 13 2 87 6
2 115 5 11 83 39 6 44 44 6 8 2 88 3
X 6 100 0 0 50 17 50 33 0 0 0 100 0
1 190 11 23 66 47 19 41 33 7 42 19 73 4
2 158 8 21 71 45 12 52 31 6 41 9 78 1
X 13 100 0 0 58 31 46 15 8 31 8 92 8
1 152 12 18 70 43 15 39 37 10 61 27 30 2
2 134 10 14 75 40 8 41 45 6 72 17 23 2
X 14 100 0 0 57 21 64 14 0 93 7 21 0
1 124 9 23 69 50 21 43 33 3 27 32 72 1
2 106 8 18 74 48 14 53 30 3 21 25 77 0
X 9 100 0 0 53 22 44 33 0 11 11 78 0
1 146 5 16 79 54 26 42 30 2 47 38 64 4
2 130 4 11 85 51 16 58 26 1 45 32 72 2
X 5 100 0 0 70 40 60 0 0 60 0 100 0
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Widespread use of an urban road traffic control
system that can ascertain traffic volume for each
direction and make necessary adjustments to
achieve optimum traffic flow so as to save energy
and improve the environment.
Widespread use of a shared connection-vehicle
system in which automobiles are used for
transportation between terminals or specific areas.
Widespread use of a system capable of estimating
short travelling time of several minutes to several
hours with a high degree of precision on
expressways and major arterial roads.
Widespread use of driving assistance and
monitoring devices that control driving style and
stop ill-mannered driving to save energy, reduce
emission of polluting gases, and increase safety.
Practical use of a helmet-mounted display that
provides motorcycle riders with safety
information such as road and traffic conditions,
and navigational information.
Widespread use of a standardized unit capable of
being fitted to replace normal vehicle operating
equipment to enable disabled drivers to drive
motor vehicles.
Practical use of an automatic driving system
capable of safe and smooth automatic operation
on expressways etc. simply by setting the desired
destination.
Practical use of a truck convoy system in which
trucks coexist with general traffic (platoon or
convoy driving where only the lead vehicle has a
driver, and it leads the following vehicles).
Widespread use of studless tires with road grips
equal to or greater than those of studded tires.
Widespread use of a system that stores solar heat
and uses it to melt snow and ice that has
accumulated on expressways and major national
highways in snowy regions in Japan.
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3 4 48 34 29 2 23 13 50 34 45 11 20 17 2 7 14 5 3
0 3 63 35 32 1 17 9 63 31 52 9 19 10 1 3 17 2 4
0 0 64 29 43 7 0 7 64 29 43 0 29 29 0 7 14 7 21
11 11 32 12 34 1 36 7 32 19 27 21 31 15 2 4 22 4 2
10 6 34 5 45 1 31 5 46 14 29 20 39 10 1 0 25 1 3
9 0 64 9 73 0 9 9 36 9 45 0 73 18 9 0 18 0 18
4 5 55 23 16 0 30 7 39 27 34 15 12 3 2 6 9 4 2
2 3 69 21 9 0 21 2 53 23 47 9 5 2 1 2 6 3 3
9 0 64 18 9 0 9 9 45 36 45 0 27 0 9 0 0 0 18
16 9 32 19 18 0 43 10 34 23 34 11 7 32 2 2 16 20 2
13 6 36 18 23 0 40 6 33 17 42 6 8 37 3 1 10 25 1
20 0 60 40 60 0 0 0 40 20 40 0 10 20 0 0 10 10 0
14 9 36 22 11 0 36 5 17 15 31 14 14 8 1 1 28 7 0
12 5 40 21 7 0 37 2 14 12 43 12 13 3 1 1 40 3 1
0 0 71 29 14 0 0 0 14 29 29 0 14 0 0 0 14 0 0
9 9 22 29 28 0 38 9 26 29 44 17 21 13 1 2 20 3 1
8 5 19 30 32 0 40 3 26 27 58 10 16 6 1 0 28 1 1
17 0 33 50 0 0 33 0 0 17 33 17 17 0 0 0 33 0 0
7 8 47 44 26 0 23 11 43 31 53 14 26 13 1 5 34 4 1
4 6 56 53 21 0 16 4 46 21 62 9 23 9 1 0 46 3 1
15 0 77 69 23 0 8 0 54 31 54 8 38 15 8 0 69 0 8
11 15 32 41 22 1 23 7 33 23 38 11 26 12 3 6 36 4 1
8 10 34 47 19 1 22 3 40 18 49 5 25 9 3 1 44 1 1
7 0 57 50 43 0 0 0 43 21 50 7 36 7 7 0 64 7 0
6 9 40 23 27 0 38 7 31 20 43 12 6 13 0 11 16 2 2
6 4 54 22 31 0 28 4 31 13 61 12 4 6 0 11 14 0 1
11 0 67 11 67 0 11 11 44 11 56 11 11 0 0 22 22 0 0
10 13 42 15 24 0 40 5 38 32 51 17 7 4 2 19 9 1 3
7 10 48 9 25 0 39 2 38 30 65 10 3 2 2 20 4 0 4
0 20 100 0 20 0 0 0 40 20 80 0 20 0 0 20 0 0 20
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1 125 9 26 65 43 9 47 41 3 58 7 40 14
2 107 7 25 67 42 6 51 43 0 72 2 43 5
X 8 100 0 0 41 0 63 38 0 50 0 38 13
1 147 7 16 77 56 28 43 26 3 21 3 87 4
2 127 6 15 80 57 25 52 22 1 16 0 93 2
X 7 100 0 0 79 57 43 0 0 14 0 100 0
1 175 12 22 66 74 54 34 11 1 38 7 89 3
2 150 11 22 67 79 62 28 10 0 32 2 93 0
X 16 100 0 0 94 88 13 0 0 38 6 94 0
1 113 9 27 64 55 23 50 27 0 72 15 32 5
2 103 9 19 72 52 15 64 21 0 82 7 29 2
X 9 100 0 0 67 33 67 0 0 78 0 33 0
1 124 9 21 70 57 28 46 24 2 33 30 74 3
2 106 8 18 75 56 22 59 19 0 27 21 86 0
X 8 100 0 0 81 63 38 0 0 13 50 75 0
1 182 8 21 71 79 60 36 4 0 42 87 31 9
2 158 6 22 73 83 68 30 2 0 34 91 22 3
X 9 100 0 0 83 67 33 0 0 33 78 33 0
1 138 7 23 70 67 42 45 13 1 24 44 74 4
2 119 7 18 76 67 36 58 6 0 16 38 79 2
X 8 100 0 0 81 63 38 0 0 13 0 100 0
1 128 11 20 69 57 30 42 24 4 20 30 72 4
2 116 9 17 73 55 24 52 23 2 14 24 86 2
X 11 100 0 0 77 64 27 0 9 18 18 73 0
1 141 12 17 71 81 65 31 4 0 28 84 51 6
2 122 9 18 73 88 76 21 2 0 20 90 47 1
X 11 100 0 0 91 82 18 0 0 9 82 18 0
1 154 5 21 75 77 56 39 5 0 38 87 32 5
2 132 3 18 79 82 64 34 2 0 34 91 22 1
X 4 100 0 0 100 100 0 0 0 50 100 25 0
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Importance (index, %)
Practical use of an active-control technique to
improve the wind resistance of large-scale
bridges.
Improvement of the accident survival rate as a
result of the widespread use of motor vehicles
equipped with automatic accident notification
devices (mayday system).
Reduction by half of the traffic accident fatality
rate through the use of anti-collision systems that
apply ITS technology.
Widespread use of composite material bridges
superior in ease of maintenance and earthquake-
resistance.
Widespread use of elastic material (rubber) and
other new materials in road paving to reduce road
traffic noise to below environmental standards.
Widespread use of electric cars equipped with
fuel cells.
Reduction of the noise generated by heavy-duty
freight trucks to the passenger car levels through
improvements in engines, transmissions,
mufflers, tires, road surfaces, etc.
Practical use of active noise control devices
installed along roads to reduce road traffic noise
to below environmental standards.
Widespread use of technology to reduce the harmful
components of exhaust gas from large trucks to 1/10 of
present levels, such as diesel exhaust catalysts,
particulate traps, lean-burn NOx catalysts and high
precision combustion technology.
Resolution of the waste problem of scrapped
vehicles through advance in motor vehicle
recycling technology.
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8 14 55 22 12 0 29 14 38 31 54 5 6 3 0 5 17 1 2
7 7 68 22 8 0 21 7 40 28 67 3 4 1 0 2 22 0 3
13 13 75 13 0 0 13 0 38 0 63 0 0 0 0 0 13 0 0
3 4 29 45 27 0 32 6 41 22 35 14 14 15 1 1 13 5 1
3 2 32 56 22 0 27 4 53 16 49 13 12 9 0 1 14 2 2
0 0 29 86 29 0 14 0 57 29 29 14 29 0 0 0 0 0 14
10 5 51 48 27 0 22 10 45 35 49 14 15 19 0 2 17 6 1
7 3 63 54 21 0 14 3 53 31 63 8 11 14 0 1 25 4 1
13 0 75 75 38 0 0 13 69 25 75 6 13 13 0 0 19 0 13
3 5 52 21 16 0 27 9 42 42 55 13 12 5 1 8 13 1 1
1 3 62 22 9 0 25 3 44 48 63 7 12 3 1 6 13 0 2
0 11 33 33 33 0 22 0 44 44 44 0 22 11 11 0 0 0 0
7 10 40 10 18 0 38 12 41 27 52 15 9 15 1 25 7 2 2
5 4 51 10 17 0 34 8 49 26 63 11 6 12 1 30 4 0 3
0 0 88 0 0 0 13 0 50 0 75 0 0 0 0 25 13 0 13
1 2 65 59 46 2 8 19 45 40 66 25 17 20 1 8 10 1 4
0 1 69 62 41 3 8 10 49 39 73 18 11 17 1 6 6 1 6
0 0 78 89 33 11 0 11 56 44 89 11 22 22 0 22 0 0 11
6 4 47 23 30 1 31 8 44 31 54 13 9 30 0 7 10 1 2
8 3 59 17 28 0 22 5 48 24 67 9 6 29 0 3 11 0 3
0 13 38 0 63 0 13 0 38 13 88 0 13 25 0 0 0 0 13
25 12 38 19 19 0 41 13 34 34 42 14 4 13 1 12 9 1 3
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18 9 55 9 18 0 0 0 9 18 55 18 0 0 0 9 0 0 0
1 4 67 23 38 1 16 11 43 32 57 16 8 40 1 6 6 2 4
0 2 79 16 35 0 8 7 47 24 64 10 3 44 0 4 4 0 4
0 0 55 9 82 0 0 9 27 18 73 9 0 36 0 0 0 0 9
7 3 35 18 55 0 21 9 45 32 42 29 13 45 0 9 6 5 1
6 1 33 11 71 0 17 5 48 26 48 27 7 48 0 8 6 2 2
0 0 25 0 75 0 0 0 0 0 75 25 0 50 0 0 0 0 25
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1 135 10 23 67 66 40 46 14 0 25 73 53 2
2 121 6 21 74 63 32 56 12 1 16 80 50 1
X 7 100 0 0 79 57 43 0 0 14 86 29 0
1 141 28 27 45 63 36 48 14 3 79 40 27 4
2 131 24 27 49 63 34 53 11 2 88 34 27 2
X 31 100 0 0 78 65 26 3 6 87 35 42 0
1 132 22 31 47 45 18 39 34 10 69 14 19 12
2 121 20 29 51 44 13 45 34 8 82 9 14 8
X 24 100 0 0 36 8 46 21 25 67 21 21 4
1 118 19 26 55 54 21 53 26 0 39 49 7 41
2 106 14 29 57 52 12 70 18 0 36 61 3 38
X 15 100 0 0 50 7 80 13 0 40 47 0 33
1 100 26 32 42 61 32 48 19 1 90 5 7 9
2 90 23 29 48 60 29 54 16 1 98 1 1 8
X 21 100 0 0 70 48 38 14 0 100 5 0 5
1 119 32 25 43 51 19 52 27 3 71 3 1 32
2 105 30 22 48 47 10 63 26 2 82 0 0 25
X 32 100 0 0 51 13 72 9 6 78 0 0 28
1 125 22 27 51 59 30 50 19 2 89 15 14 3
2 107 20 26 54 56 21 64 14 2 96 6 6 0
X 21 100 0 0 71 43 57 0 0 100 14 10 0
1 107 21 36 44 52 22 44 32 2 84 20 7 6
2 94 19 32 49 48 15 50 32 3 89 12 6 2
X 18 100 0 0 56 28 39 33 0 78 33 6 11
1 129 20 26 54 62 34 48 18 1 56 16 57 4
2 116 17 26 57 60 28 56 16 0 71 7 61 3
X 20 100 0 0 75 50 50 0 0 70 10 35 5
1 108 22 32 45 54 24 43 31 2 84 15 19 6
2 94 19 32 49 51 16 57 26 1 95 4 9 3
X 18 100 0 0 65 33 61 6 0 94 11 6 6
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Widespread use of permeable road pavement,
leading to improvements in the urban
environment in ways such as the recharging of
ground water and alleviation of the “heat island"
phenomenon.
Practical use of floating off-shore airports with
3,000m-class runways with a service life of about
60 years.
Development of a transoceanic cargo ship based
on new technologies including superconductivity,
capable of crossing the Pacific Ocean in two days
(100 knots or faster).
Development of autonomous, unmanned, underwater
investigation vessels employing artificial intelligence
which are capable of investigating sea-bottom resources
and undertaking other activities without receiving any
energy supply or external communication.
Practical use of a shipbuilding system centering on a
large-scale product database in which intelligent design
production modules are dispersed over a network,
leading to a reduction in shipbuilding labor
requirements to about half the present level.
Development of vessel hydrodynamics simulation
technology that eliminates the need for water tank
tests in designing propulsion systems and hull
shapes, and confirming motion performance.
Development of an integrated ship-land system for
comprehensively managing ship operations in which
shipping companies are connected online with their ships,
shipyards, parts manufacturers, etc. using satellite
communications, on-board LAN, and the Internet.
Development of a cargo vessel capable of
travelling from Japan to Europe through the
Arctic Ocean in about half the time currently
required.
Practical use of a marine traffic control system
that facilitates the safe and efficient movement of
all ships, including fishing boats and pleasure
craft, in congested areas such as Tokyo Bay.
Practical use of high-reliability vessels that can
remain in service maintenance-free for about 2
years, through improvements in the reliability of
hull materials, engines, etc. and the use of a real-
time monitoring system.
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X 8 100 0 0 75 50 50 0 0 75 50 38 13
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Practical use of an automatic ship docking and
departure system using GPS and other sensor
technology and artificial intelligence technology.
Establishment of quantitative ship safety
evaluation methods using past accident data or
disaster simulation to set ship safety standards.
Practical use of maintenance technology that
enables safe management extending over the life
cycle of the ship, such as measuring plate
thickness, and detecting and estimating the
progress of cracks.
Practical use of safe and simple FRP vessel
disposal technology via pulverization,
incineration, chemical treatment, etc.
Practical use of quiet, energy-saving vertical take-
off and landing (VTOL) airplane for intercity
transportation.
Development of a space shuttle for space tourism
by the general public.
Development of a passenger transport that cruises at
Mach 3 - 4 (1.5 - 2 times as fast as the Concorde) with
a maximum of 300 passengers on board (3 times as
many as the Concorde), and is capable of crossing the
Pacific Ocean in 3 - 4 hours.
Development of an ultra-large passenger transport
with a gross weight of 1,000 tons (3 times as
heavy as a jumbo jet) that cruises at a speed
comparable to those of today's jet transport
(around Mach 0.8).
Practical use of a system in which the radical
automation of air traffic control through advances
in computer technology results in a labor saving
of about half the current level.
Development of an energy-efficient and
extended-service-life large passenger transport
using composite materials in main structural
elements.
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em Practical use of a communication and observation
platform deployed in the stratosphere for such
purposes as environmental monitoring, disaster
prevention and communication.
Development of an epoch-making low-noise
helicopter which does not generate blade slap
during landing.
Widespread use of intelligent portable navigation
systems to help visually impaired people move
around public areas independently.
All public transport bookings, confirmation of transport
services, and inquiries about the location of luggage or
an individual (with that person’s approval) are
commonly done through the Internet from home or
using portable terminals.
Practical use of vertical transportation systems for super
high-rise buildings capable of providing a transporting
capacity per occupant volume which is at least five times that
of current elevators. (e.g., systems equipped multiple car-
gondolas, turn-back function, and passing function)
Reduction in urban traffic by 20–30% from
current levels through the expansion of
telecommuting and teleshopping.
Practical use of wheelchairs capable of traveling
up or down normal stairs, inclines, etc. without
support.
Promotion of the use of different means of
transport, such as the park-and-ride system, using
real-time information on public transport and road
traffic.
Expansion of an environment in which all
transport facilities are intelligent, and passengers
can freely use normal information equipment.
Development of public transport facilities and an
environment in which elderly people and disabled
people can readily move around within their
sphere of life with ease and safety.
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17. Survey results in “Services”
17.1. Trends in noteworthy domains
17.1.1. Shift to a new techno-economic paradigm
The technological innovations that will greatly affect the economy in tens of years from now, will be
knowledge-intensive innovations related to IT, biotechnology, novel materials, etc.  Also in the results of the
latest technology forecast survey, as the fields in which Japan should promote technological development
preferentially at present, information-related technologies ranked No. 1, and life-related technologies, No. 2.
In these technological fields, R&D will be very important, and mixing and integration of technologies of
respective industrial areas will take place in the R&D process.
An advanced network interconnecting those industrial areas based on the Internet will be very
important infrastructure for the development of knowledge-intensive industries.  The advanced network will
accelerate a shift from the conventional techno-economic paradigm to a new techno-economic paradigm,
and quantitative leaps, such as a higher labor productivity improvement rate and real capital productivity
improvement, remarkably seen in the IT industrial area, will spread to the economy in general.  In addition,
the advanced network is considered to promote complex development of science and technology and
interconnections of R&D, and to organize chain reactions of innovations, bringing about qualitative changes
to the economic system, and also to the social system as a whole.
The most important meaning of the term IT revolution is that the information network is positively
used to activate interactions in various areas, such as human relations, economy, and administration &
politics, and also interactions across those areas, to fundamentally change the social system by positively
using and creating knowledge.  The IT revolution has just started, and an epoch-making giant social change
will take place on a scale exceeding the Industrial Revolution.
In the U.S., a digital economy has taken off, and e-business is developing steadily and can be said to
have taken root as a business model.  e-Business can be roughly classified into B2B (Business to Business)
and B2C (Business to Consumer).  A future important movement is that the networks of B2B and B2C will
be interconnected, with mutual compatibility maintained.  Networks will be complicatedly superimposed on
each other, to form great marketplaces.
In this case, e-marketplaces will play important roles.  e-Marketplaces refers to an environment in
which order placements and receptions can be made according to methods standardized on the web, and in
which enterprises in the world can access and freely place and receive orders.  e-Marketplaces of automobile
parts, electronic parts, construction, and others have been formed throughout the world, and they have
started connecting with each other on a global scale.
The reasons e-business draws attention are that the effect of cost reduction is large, the collection of
market information is easy, and e-business can present new advertising and sales channels.  Therefore, as
functions to support e-marketplaces, first, SCM (Supply Chain Management), CRM (Customers
Relationship Management), and ERP (Enterprise Resource Planning) are important, because the above
effects can be obtained only when SCM, CRM, and ERP are prepared integrally.  This can also be seen in the
following:  Most expected, from science and technology, is contribution to socioeconomic development;
and, above all, SCM, in the information and telecommunication field, is highly expected.
Important functions to be provided in future e-marketplaces, will be service functions, such as ASP
(Application Service Providers) and Internet data centers, because for the resources of any company to be
concentrated to a core business, to sufficiently exhibit the effect of cost reduction, the aforesaid three
functions, outsourced to an ASP or data center, must be provided.  It is also necessary to link settlement &
insurance functions, credit granting functions owned by trade firms and local financial institutions, rating &
arbitration functions, etc.  Only when these service functions can be linked on the web at every stop, will the
convenience of e-marketplaces really be exhibited, and highly reliable electronic transaction markets will be
able to be formed.
548
17.1.2. e-Commerce and security & privacy
B2B is steadily developing.  On the contrary, B2C will take some time for its full-fledged development,
since there remain institutional problems to be internationally solved, such as the institutionalization of
electronic verification and electronic signatures, and the protection of personal information.  However, the
institutional problems are being gradually solved.
The “Law concerning Electronic Signatures and Verification Activities” (hereinafter called the
Electronic Signature Law), promulgated in May 2000, after deliberation at the Diet, was at last enforced on
April 1, 2001.  Electronic signatures and verification are a scheme indispensable for enhancing the security
of a network society, and the respective parties concerned count on the Electronic Signature Law as a core
law for security.  Since the Electronic Signature Law has authorized that a document with an electronic
signature can be estimated to belong to the nominal person using the signature, electronic transactions can
be made with security of transactions ensured, if the persons concerned confirm each other in reference to
their electronic signatures.  Furthermore, if electronic documents with electronic signatures are ciphered to
prevent falsification, important private documents, such as contracts, can be exchanged also on the network.
Moreover, with regard to electronic administration, as to the problem of how to ensure the originality of a
digitized public document, if the electronic public document has an electronic signature, it can have the
same effect as a public document with the public seal of a mayor or the like affixed.
On the other hand, in relation to the Law concerning the Protection of Personal Information presented
in an ordinary session of the Diet in 2001, it must be noted that technological trends must be precisely
followed also for institutionalization of today’s society, where the importance of science and technology is
mounting.
A key factor for success of e-business is to establish relations with customers taking a long period of
time, through mass customerization based on “One-to-One Marketing.”  This importance has long been
recognized, but it was too costly and unprofitable in an environment without networks.  However, if an
intelligent agent, personalized information database, and secure online system are used freely to elaborately
combine networks with real stores, one-to-one data can be supplied based on identified individual persons’
attributes and needs, allowing customers to be kept contained.  This contributes to the development of e-
business, and hence development of the economy, but it also means the risk of violating the privacy of
individuals is increasing.  In the latest survey, about 60% of respondents indicated “Negative influence on
safety and peace of mind” concerning security, electronic money, and DNA verification in the services field,
and 76% of respondents showed apprehension on “09,” as “Negative influence on ethics, culture, and
society,” in the services field.
Free commercial transactions and security & privacy on a network are contradictory.  For sound
development of a network society in the future, we must design a better-matching scheme.  It is important
for everyone to think together and make a scheme with concern.
17.1.3. For construction of a knowledge-incentive society
Since the digital economy is global, the roles of governments should be kept to a minimum, and private
circles should positively form the worldwide framework and consensus.  A major matter as a quick global
challenge is perfecting an environment concerning electronic verification & electronic signatures, contracts,
cognizance & proper laws, protection of personal information, information security measures, protection of
consumers, intellectual properties, Internet taxation, and electronic settlements.  These institutional
problems need international coordination.  However, these problems need not only inter-governmental
negotiations but also cooperative efforts among industries, governments, and private circles.  The digital
economy is a seamless global economy -- not the conventional economy based on peculiar institutions of
individual countries.  In the global economy, regulations by the authorities of respective national
governments do not function sufficiently, nor is monitoring sufficient.
Therefore, in the outlook for future socioeconomic development, collaboration among industries,
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governments, and private circles is important.  In regions where the Internet is used for successful
socioeconomic development, it can be commonly seen that the regional government, industries, and citizens
collaborate with each other to construct a knowledge-based society, i.e. a knowledge-intensive society based
on IT.  At the same time, R&D in complex areas is interconnected, to successfully activate innovations.
In the U.S., first, the Silicon Valley can be referred to.  The recent characteristic trend is clearly directed
toward Internet + biotechnology.  Business is flourishing in human genome and DNA analysis, using
computer science.  A recently rapidly growing region is in and around San Diego.  Efforts in this region are
made on mobile computing.  This region is important  because it has a U.S. Navy radio wave research
institute.  The institute conducts research on satellites and radio waves, and the researchers spin out, to
transfer military technologies for use in residential and commercial fields.  As such, venture enterprises have
moved in, and the population doubled in the three years prior to 1999”.
In the region in and around Washington, D.C., positive efforts are made for e-marketplaces.  B2B
absolutely requires large-capacity trunk circuits, and Washington, D.C., has the largest number of Internet
access inlets to trunk circuits in the world.  As a result, recently application service providers have been
moving in.  Further, Austin, Texas, is also rising recently.  The University of Texas is in charge of incubation,
and venture enterprises are moving in around the university, to develop business of mainly B2B employing
the Silicon Valley method.
In Europe, the growth of Finland, having Nokia, a cellular phone company, and the growth of Ireland,
having Baltimore, an electronic verification enterprise, have attracted attention.    A central research institute
concerning the Internet, in Finland, is the Helsinki University of Technology, and students and education
staff of the university are founding new businesses jointly with enterprises.  In Asia, the development of
Singapore is noteworthy.  Singapore is a prominent country in the capability to develop business models,
and it is not negligible in view of technological capability and inventive capability.
Finally, let us refer to Japan with expectation.  The Japanese economy remains depressed, but the R&D
capabilities of Japanese enterprises are excellent also in the world.  In the IT field, noteworthy trends can be
seen in mobile technology and non-contact IC cards.  Further, at present, a prominent electronic government
project in the world is under way, in which about 3300 local governments throughout Japan are
interconnected to construct a wide-area information communication network, intended for inhabitant
services, and it is considered that the network can be connected with B2B, to create large demand.
However, for the Japanese economy to exhibit its potential growth ability for reactivation, chain
reactions of innovations must be organized.  In the responses concerning the current leading country in the
services field, the U.S. is named by 60% of respondents, the E.U by 19%, and Japan by 17%.  Compared
with other fields, the rate of the U.S. is high, and that of Japan is very low.  However, the knowledge-
intensive industries are important for future socioeconomic development, and the services field becomes
more important than hitherto in those industries.  It will be necessary to steadily promote the perfection of
infrastructure, raising of competent staff, restructuring of enterprises, and reforming of social institutions
and industrial rules, for effective use of IT, under cooperation among industries, academic circles, and
governments.  It is also necessary to promote innovation of activities in the social service field of welfare,
education, and administrative services.  In this way, conversion into a knowledge-intensive society will have
to be achieved.
(Osamu Sudo)
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17.2. Topic framework
When examining topics, we looked at the framework that indicates the technological structure of each
field. Here, the framework is represented by a matrix with the horizontal axis indicating domain and vertical
axis indicating objective. The aim of this was to fix the overall technological image in terms of future
potential and importance of the technology at the current stage. It is also used for reviewing the topics.
Topic Framework for Service field
Domain
Objective Welfare
Financi
ng
Educati
on
Public
services
Support
of
enterpri
se
activitie
s
Leisure
&
entertai
n-ment
Media
Living-
related
services
Safety & peace of mind
of users
01 07 08 20 27 33 39 45
Efficiency enhancement
(improving cost effec-
tiveness)  / rationalizing
users’ work
02 09 10 14 21 28 34 40
Shortening users’ work
time
03 22 23 29 41 46 47
Amenity and
amusement
04 15 30 35 42 48
Environmental
conservation/effective
use of resources
11 24 31 36 49
Increase of knowledge /
improvement of
engineering of users
12 16 17
18
25 43
Stability of society /
higher social reliability
05 13 19 26 32 44
Communication 06 37 38 50
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17.3. Topics with high degree of importance
The responses of the respondents (excluding those of professional degree “Zero”) on the degree of
importance for Japan were as follows.  The degree of importance index for the field of “Services” as a whole
was 55.5.  The topics especially high in the evaluated degree of importance for Japan (top 20 topics high in
the degree of importance index) were as shown in the table below.  The topics evaluated highest in degree of
importance concerned waste disposal technologies; and, topics concerning the employment of barrier-free
versions and education of clinical psychology are ranked relatively high.
Table 3.2-1   Top 20 topics in terms of degree of importance
Topic Importance index
Forecasted
realization time
31:Major advances in technology for disposing of disused manufactured
products, leading to the emergence of commercial services capable of
reducing the final disposal volume to one-tenth the current level.
94 2015
24:Rapid progress in the "zero-emission" practice as a result of advances in
manufacturing and dismantling technology. 81 2015
04:A substantial expansion of the social life of disabled people as a result of
increased sophistication of wheelchairs and walking aids, improved access
to public transport facilities, and increased numbers of barrier-free facilities.
80 2012
18:Elucidation of the mechanism of school truancy, classroom disruption, and
learning difficulties, leading to widespread use of methods of dealing with
these issues.
74 2014
40:Establishment of global rules on multimedia copyright to promote the
production and distribution of multimedia contents. 73 2009
45:Establishment of a system in which childcare assistance services are
assured from the time of pregnancy/childbirth to preschool as a means of
providing support for women’s social activities.
72 2013
13:Realization of real-time tracking using intelligent agents, enabling the
exposure of and prompt response to illegal activities such as money
laundering and fraud over networks.
70 2012
05:Widespread availability of environments, facilities, technologies, etc. that
enable people on the verge of death to spend the final years of their life in
comfort and free of anxiety.
68 2015
19:Widespread use of vocational skills development systems capable of
improving specialist knowledge or skills qualifications of middle-aged and
older people using curriculums in line with the occupation and
circumstances of the individual.
66 2010
23:Widespread use of government office counter services relating to
notifications, procedures, etc., provided through networks. 65 2009
27:Widespread use of secure data storage services, including confidential
corporate information, by a majority of government authorities, local
governments, and listed companies.
64 2010
39:Widespread use of home security systems with disaster prevention, crime
prevention and nursing care support functions, which are interconnected to
form a regional community system.
63 2013
29:Widespread use of design assistance services capable of reducing the
development period to one-third of the current period through the effective
use of such technology as three-dimensional CAD and digital mockups.
63 2008
33:Widespread use of ITS (intelligent transportation systems), enabling safe
tours by automobile. 63 2013
552
Topic Importance index
Forecasted
realization time
32:Progress in standardization of the methods for corporate business
information disclosure over the net, enabling a quantitative assessment of
companies’ non-financial aspects, such as degree of social contribution and
consideration for the environment.
63 2012
20:Implementation of public services, such as medical care, welfare, and
childcare, by companies and NPOs, leading to widespread practice of
business that provides information on the range and ratings of public
services on the web.
62 2010
16:Widespread use of a web-based learning system capable of using
knowledge resources, in the form of text, video and voice, collected from
around the world.
62 2009
07:Widespread use of multifunctional smart cards with security functions
(encryption, anti-tamper, firewall functions etc.), secretarial functions
(reservations, schedule management, etc.), electronic bill payment
functions, etc., making it possible to carry out any procedure such as
payment for purchase with a single card anywhere in the world.
61 2009
21:Social security is provided according to standards that include individual
and household circumstances, rather than simple standards such as age. 61 2014
06:Widespread use of technology that assists communication by people who
have difficulty in expressing their intentions through speech, in writing, or
by other means because of illness etc.
60 2011
17.4. Forecasted realization times
The forecasted realization times were distributed as shown in the diagram below.  In comparing the
distribution of forecasted realization times of all the topics, and the distribution of forecasted realization
times of the services field, more than 60% of responses on the forecasted realization times for the topics of
the services field are spread in a range from 2011 and 2015, and the peaks of responses tend to be spread in
the same tendency as those for all the topics.  The forecasted realization times in the range are much earlier
than those for all the topics.
Figure3.17-1   Forecasted realization times
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17.5. Current leading countries
The responses to the question concerning current leading countries, etc., were as shown in the diagram
below.  Named by 60% of the respondents, USA ranked No. 1 in the services field, as a whole, and since
Japan and EU. were named by less than 20% respectively, the rate of USA is more than 3 times that of Japan
or EU.
Figure 3.17-2   Current leading countries  (%)
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17.6. Table of survey results
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1 112 16 27 57 56 23 54 22 0 21 5 97 7
2 88 10 24 66 53 14 69 17 0 22 1 99 2
X 9 100 0 0 47 11 56 33 0 22 0 89 0
1 123 14 25 61 59 30 47 24 0 24 4 95 2
2 93 9 29 62 55 21 58 22 0 16 0 98 1
X 8 100 0 0 50 13 63 25 0 25 0 88 0
1 111 23 28 50 60 32 47 21 1 22 2 93 11
2 87 17 30 53 57 25 55 18 1 20 0 95 9
X 15 100 0 0 73 53 40 0 7 27 0 100 13
1 128 20 27 54 74 49 48 3 0 38 5 91 11
2 99 14 28 58 80 59 41 0 0 34 2 93 6
X 14 100 0 0 89 79 21 0 0 50 0 79 7
1 112 13 21 65 67 42 42 16 0 11 6 93 16
2 91 8 21 71 68 43 43 13 0 10 2 95 10
X 7 100 0 0 75 57 29 14 0 14 0 86 14
1 136 15 25 60 61 30 53 17 0 15 6 93 15
2 105 8 25 68 60 26 62 13 0 14 2 95 9
X 8 100 0 0 69 38 63 0 0 25 0 100 0
1 100 18 26 56 64 36 48 15 1 80 9 66 2
2 72 18 26 56 61 28 63 10 0 90 1 64 0
X 13 100 0 0 71 46 46 8 0 92 0 46 0
1 92 16 30 53 56 30 39 28 3 66 4 62 4
2 69 14 29 57 54 18 61 21 0 68 1 58 1
X 10 100 0 0 53 10 80 10 0 90 0 30 0
1 81 10 16 74 42 15 36 37 12 52 2 43 6
2 62 11 13 76 43 10 46 43 2 65 3 42 0
X 7 100 0 0 54 29 43 14 14 86 0 29 0
1 87 17 26 56 52 22 44 32 2 72 0 56 2
2 64 19 23 58 51 16 58 25 2 80 0 59 2
X 12 100 0 0 54 17 67 17 0 83 0 75 0
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Expected effect (%)
So
ci
oe
co
no
m
ic
 d
ev
el
op
m
en
t
Ex
pa
ns
io
n 
of
 in
te
lle
ct
ua
l r
es
ou
rc
es
Pe
op
le
's 
ne
ed
s
D
iv
is
io
n
N
um
be
r o
f r
es
po
nd
en
ts
Q
ue
st
io
nn
ai
re
 ro
un
d
Degree of
expertise (%)
To
pi
c 
se
ria
l N
o.
R
es
ol
ut
io
n 
of
 g
lo
ba
l p
ro
bl
em
s
6
7
W
el
fa
re
1
2
3
4
5
10
Fi
na
nc
in
g
8
9
Importance (index, %)
Widespread use of inexpensive and light epoch-
making self-help devices powered by storage
batteries that facilitate natural body movements.
Widespread use of robots that help carers bathe
persons under their care without causing
discomfort or anxiety to the care recipients.
Widespread use of a system that accurately
determines a decline in mental and physical
functions of a person and his/her remaining
abilities, and prepares a suitable training program
to enhance his/her independence.
A substantial expansion of the social life of
disabled people as a result of increased
sophistication of wheelchairs and walking aids,
improved access to public transport facilities, and
increased numbers of barrier-free facilities.
Widespread availability of environments,
facilities, technologies, etc. that enable people on
the verge of death to spend the final years of their
life in comfort and free of anxiety.
Widespread use of technology that assists
communication by people who have difficulty in
expressing their intentions through speech, in
writing, or by other means because of illness etc.
Widespread use of multifunctional smart cards with security
functions (encryption, anti-tamper, firewall functions etc.),
secretarial functions (reservations, schedule management,
etc.), electronic bill payment functions, etc., making it
possible to carry out any procedure such as payment for
purchase with a single card anywhere in the world.
Widespread use of biological verification means,
such as fingerprints and DNA, instead of seals,
signatures, passwords, etc., for customer
identification for various accounts.
Widespread use of insurance diagnoses and credit
assessment based on genetic tests or behavioral
data analysis for insurance contracts such as for
life insurance and automobile insurance.
Teller service counters at financial institutions are
reduced to one-tenth the present levels due to the
development of finance-related intelligent agent
systems, and advances in and increased
functionality of ATMs.
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3 4 26 45 29 0 28 29 39 42 62 19 9 2 2 6 20 10 1
3 2 28 63 19 0 20 26 39 42 66 22 8 1 1 3 32 6 0
22 0 67 44 11 0 22 22 22 33 44 33 11 0 0 0 33 0 0
2 7 41 35 19 0 33 24 44 38 58 23 9 2 2 1 24 26 2
2 4 53 38 12 0 25 19 51 41 66 19 6 1 1 0 31 28 0
0 0 63 25 13 0 38 13 13 38 88 38 25 0 0 0 25 13 0
4 1 18 42 31 1 32 57 41 44 46 9 6 1 1 2 16 18 3
5 0 10 56 37 1 22 55 41 47 46 7 7 0 2 1 21 26 2
0 0 7 67 53 7 13 73 33 53 53 13 7 0 0 0 7 20 7
2 2 11 46 58 4 12 30 48 30 43 17 26 25 6 4 15 7 2
2 1 5 48 71 2 7 28 62 28 39 13 28 28 5 3 27 3 3
14 0 7 50 64 7 7 36 57 29 50 21 43 36 7 7 14 7 0
2 9 9 47 38 0 28 65 34 36 29 11 25 10 4 1 9 41 2
2 3 2 59 48 0 20 68 30 44 26 4 24 9 3 1 8 55 1
0 0 0 71 43 0 14 71 29 86 43 14 0 0 0 0 0 43 0
1 4 26 57 24 0 28 35 40 44 60 15 7 1 1 1 10 9 1
2 2 22 70 13 0 23 30 35 49 71 9 3 0 0 0 19 6 3
0 0 50 75 13 0 13 38 50 38 75 13 13 0 0 0 13 0 13
2 1 26 76 35 0 9 12 44 27 22 17 51 18 2 2 44 21 4
1 1 21 90 33 0 4 11 68 22 18 15 64 15 1 0 64 22 3
0 0 31 85 54 0 0 15 85 8 23 15 54 8 0 0 38 31 8
4 5 27 75 14 0 12 13 41 23 28 15 35 26 0 1 38 32 2
1 6 22 84 7 0 12 10 51 20 32 12 46 25 0 0 59 30 1
10 0 50 80 20 0 0 10 60 20 40 0 30 10 0 0 60 30 0
20 10 9 67 10 0 19 15 32 21 16 6 23 28 2 1 30 62 1
16 5 10 77 13 0 15 18 48 18 15 5 29 34 2 0 31 76 0
29 0 29 86 29 0 0 29 57 29 14 0 29 14 0 0 14 57 0
9 5 33 67 14 1 16 11 18 13 18 10 55 10 0 1 34 18 6
5 2 25 84 11 2 9 11 20 11 17 5 66 5 0 0 52 13 8
0 0 42 75 17 8 0 25 25 8 33 0 67 8 0 0 58 0 17
Leading countries (%)Forecasted realization time
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1 91 14 29 57 60 28 56 14 1 76 4 67 3
2 71 15 24 61 57 21 66 11 1 85 0 56 0
X 11 100 0 0 57 27 55 9 9 82 0 55 0
1 73 14 21 66 48 19 40 36 6 60 3 45 15
2 56 11 18 71 46 18 39 34 9 79 0 41 4
X 6 100 0 0 63 50 17 17 17 67 0 33 0
1 86 15 27 58 68 39 52 8 0 78 17 41 3
2 61 13 26 61 70 43 52 5 0 85 11 38 2
X 8 100 0 0 72 50 38 13 0 88 0 63 0
1 119 13 29 59 49 18 45 34 3 44 2 63 45
2 94 11 21 68 50 16 53 29 2 43 1 71 40
X 10 100 0 0 65 40 40 20 0 40 0 50 50
1 100 12 22 66 49 18 42 37 2 34 6 34 65
2 85 9 16 74 48 14 50 36 0 34 0 38 64
X 8 100 0 0 56 25 50 25 0 25 0 25 63
1 108 19 33 47 62 33 48 19 0 53 14 48 69
2 79 20 29 51 62 31 56 13 0 51 5 48 66
X 16 100 0 0 80 63 31 6 0 44 0 38 81
1 110 14 22 65 51 19 48 31 2 35 5 55 49
2 85 12 19 69 52 18 56 25 1 32 2 60 46
X 10 100 0 0 60 30 50 20 0 10 0 50 50
1 103 9 21 70 67 45 38 15 3 39 7 65 34
2 86 6 14 80 74 54 34 11 1 33 1 74 24
X 5 100 0 0 90 80 20 0 0 20 0 40 40
1 116 10 25 65 63 33 53 14 0 73 3 66 28
2 86 8 19 73 66 39 49 12 0 66 2 67 20
X 7 100 0 0 86 71 29 0 0 57 0 71 14
1 135 18 24 59 62 33 49 19 0 50 6 84 12
2 104 16 20 63 62 31 57 12 0 52 5 87 7
X 17 100 0 0 65 35 53 12 0 71 6 100 12
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The use of notes and coins falls to one-tenth of all
payments due to the widespread use of electronic
money and advances in electronic settlement
systems.
Subjects relating to financial services, including
financial engineering, are incorporated into the
curriculum at high schools.
Realization of real-time tracking using intelligent
agents, enabling the exposure of and prompt
response to illegal activities such as money
laundering and fraud over networks.
Widespread use in Japan of network schools
following their official recognition as schools.
Widespread use throughout Japan of “hands-on”
science museums where children can learn about
science while having fun.
Widespread use of a web-based learning system
capable of using knowledge resources, in the
form of text, video and voice, collected from
around the world.
Active construction of databases incorporating various
teaching materials and active data exchanges over
networks, leading to widespread practice in Japan of
preparation and implementation of educational
curriculums designed for individuals at secondary
education level.
Elucidation of the mechanism of school truancy,
classroom disruption, and learning difficulties,
leading to widespread use of methods of dealing
with these issues.
Widespread use of vocational skills development
systems capable of improving specialist knowledge or
skills qualifications of middle-aged and older people
using curriculums in line with the occupation and
circumstances of the individual.
Implementation of public services, such as medical
care, welfare, and childcare, by companies and NPOs,
leading to widespread practice of business that provides
information on the range and ratings of public services
on the web.
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11 4 21 74 30 2 10 9 32 20 15 11 68 25 1 1 45 12 2
8 3 15 82 24 1 7 7 34 18 10 8 80 23 1 1 63 7 1
9 0 36 73 55 0 0 9 36 18 9 18 73 36 9 9 36 9 0
12 7 4 75 10 0 15 59 34 8 3 1 18 3 3 1 10 30 4
16 4 2 88 7 0 9 71 38 9 2 0 14 5 2 0 7 46 2
17 0 0 100 0 0 0 50 0 0 0 0 17 17 17 0 0 33 0
5 6 9 80 12 1 9 31 42 35 34 6 20 37 0 1 34 27 2
5 2 5 92 7 2 5 23 54 36 31 5 21 39 2 0 49 23 2
0 0 0 88 13 0 0 0 63 50 50 0 25 25 0 0 38 13 0
11 4 10 73 13 1 19 49 37 21 17 9 56 6 3 2 9 36 5
6 2 5 84 7 0 13 61 32 17 15 9 61 3 1 1 7 48 5
10 10 10 90 0 0 10 50 40 40 30 10 40 0 0 0 10 40 10
4 7 24 67 15 2 19 47 32 25 26 18 9 2 6 4 3 12 3
6 5 20 78 9 1 15 62 29 25 25 16 7 0 2 6 2 22 5
13 13 25 50 25 13 25 50 13 13 13 25 0 0 0 0 13 13 25
0 2 20 83 17 2 9 40 49 33 34 21 31 4 3 3 4 28 6
0 0 14 92 9 1 4 53 61 28 29 15 20 0 1 1 5 43 5
0 0 25 94 6 0 0 38 69 25 56 13 13 0 0 0 6 38 6
11 6 11 61 15 3 27 55 37 35 34 10 30 5 3 1 5 27 4
7 1 5 76 9 5 16 64 39 40 31 6 28 4 4 0 2 38 2
20 0 20 90 20 10 0 70 50 30 30 0 10 10 10 0 0 20 0
19 13 17 27 17 1 50 77 27 36 23 5 17 5 4 2 12 17 2
16 10 13 29 16 0 55 79 21 37 19 1 12 3 3 1 10 22 2
0 40 20 40 20 0 40 80 0 20 20 0 20 0 0 0 0 40 0
2 2 19 43 27 1 28 60 46 29 28 16 21 7 1 1 8 12 0
1 0 12 56 26 1 23 71 41 23 20 14 16 3 0 0 7 15 0
0 0 14 71 14 0 14 71 86 14 43 0 14 0 0 0 0 0 0
1 3 15 58 30 0 24 54 38 26 18 27 49 14 0 1 26 24 1
0 2 9 71 29 0 18 63 38 27 10 19 57 6 1 1 33 24 0
0 0 24 94 47 0 0 71 53 24 12 12 82 12 0 6 12 18 0
Leading countries (%)Forecasted realization time
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1 105 19 25 56 63 33 53 12 2 31 4 87 1
2 92 13 18 68 61 28 62 8 2 36 1 86 0
X 12 100 0 0 63 42 33 17 8 33 8 83 0
1 109 7 18 74 50 26 32 34 8 42 6 60 5
2 82 5 13 82 45 20 28 45 7 34 2 73 2
X 4 100 0 0 44 25 0 75 0 50 0 50 0
1 130 9 25 66 61 33 46 21 0 44 2 88 2
2 94 6 17 77 65 35 55 10 0 34 0 88 0
X 6 100 0 0 75 50 50 0 0 50 0 67 0
1 65 11 29 60 79 58 41 2 0 58 80 23 6
2 56 7 20 73 81 64 34 0 2 50 80 14 4
X 4 100 0 0 88 75 25 0 0 50 50 25 0
1 126 9 23 68 56 23 56 21 0 47 7 79 11
2 95 7 15 78 60 26 62 13 0 45 1 82 4
X 7 100 0 0 57 29 43 29 0 57 0 57 0
1 85 7 19 74 52 27 35 29 10 38 5 60 12
2 74 4 9 86 49 21 42 31 7 35 0 68 8
X 3 100 0 0 8 0 0 33 67 0 0 0 0
1 83 17 34 49 61 35 42 19 4 83 7 24 10
2 66 9 36 55 64 35 52 11 2 82 3 14 5
X 6 100 0 0 75 50 50 0 0 100 0 17 0
1 82 12 39 49 59 30 45 23 1 88 4 10 10
2 67 12 31 57 55 23 56 18 3 88 1 3 6
X 8 100 0 0 69 38 63 0 0 100 0 0 0
1 80 18 39 44 64 34 54 10 1 89 4 6 20
2 62 18 35 47 63 28 67 5 0 87 0 3 10
X 11 100 0 0 70 45 45 9 0 82 0 0 27
1 102 8 32 60 53 25 42 31 2 69 12 72 10
2 76 7 30 63 49 15 55 29 1 72 1 70 3
X 5 100 0 0 55 20 60 20 0 100 0 40 0
Topic
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Social security is provided according to standards
that include individual and household
circumstances, rather than simple standards such
as age.
Complete changeover of elections to electronic
voting.
Widespread use of government office counter
services relating to notifications, procedures, etc.,
provided through networks.
Rapid progress in the "zero-emission" practice as
a result of advances in manufacturing and
dismantling technology.
Institutional authorization for citizens to use the
web to submit various views and proposals to
administrative offices, enabling citizens' views
and proposals to be reflected properly in
administrative services.
The position of the members of the local
assemblies is longer a full-time occupation, and
volunteer members discuss proposals put forward
by local residents.
Widespread use of secure data storage services,
including confidential corporate information, by a
majority of government authorities, local
governments, and listed companies.
Widespread use by at least 90% of listed
companies of outsourcing services capable of
reducing staff in general affairs, accounting,
purchasing, legal affairs, and other administrative
duties to less than one-third the current levels.
Widespread use of design assistance services
capable of reducing the development period to
one-third of the current period through the
effective use of such technology as three-
dimensional CAD and digital mockups.
Improvement of the data communication
environment and widespread use of
telecommuting support services, enabling at least
half of company workers engaged in indirect
duties to telecommute.
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13 11 10 10 32 1 43 32 23 26 11 3 32 20 4 1 25 22 2
14 8 9 13 51 0 33 29 24 25 8 3 41 25 2 0 28 23 1
42 25 17 0 25 0 50 8 17 17 8 8 50 42 0 0 25 17 0
15 9 11 43 12 0 46 13 12 19 14 2 52 28 3 1 21 22 3
15 5 6 56 11 0 37 10 11 17 10 1 66 24 2 0 26 33 5
25 0 25 75 50 0 25 0 0 0 0 0 75 50 0 0 25 0 0
1 2 15 52 15 4 31 21 24 21 13 2 62 19 2 2 24 11 4
0 0 14 68 13 2 23 15 27 19 5 0 77 16 2 0 40 10 4
0 0 33 67 33 0 0 0 17 17 0 0 83 17 0 0 33 0 0
3 5 23 22 52 2 18 29 45 52 46 18 22 54 2 6 12 5 8
0 2 23 11 70 2 16 20 55 54 48 9 14 48 0 4 13 2 7
0 0 25 0 75 0 0 0 75 50 50 25 50 25 0 0 0 0 0
0 3 11 58 17 2 27 25 18 19 10 5 35 12 7 2 12 17 6
1 3 7 73 17 1 22 35 19 16 6 1 62 12 3 0 13 19 4
0 0 14 100 14 0 0 0 29 14 0 0 71 14 0 0 29 0 14
36 14 6 14 27 2 39 29 12 7 4 1 40 20 6 1 8 20 4
36 9 0 12 36 3 43 32 9 4 3 0 54 20 4 0 9 31 4
67 33 0 0 0 0 67 0 0 0 0 0 0 0 0 0 0 0 0
11 5 8 64 12 0 27 22 25 35 20 19 40 30 2 2 35 14 1
9 2 3 77 8 0 18 21 30 36 15 8 53 29 3 0 55 9 0
17 0 17 100 17 0 0 0 33 33 0 17 83 33 0 0 67 0 0
5 7 11 78 6 0 10 28 18 17 9 37 44 9 1 2 23 16 9
4 3 3 88 1 0 4 27 13 6 3 28 54 6 1 0 42 15 6
0 0 0 100 0 0 0 25 0 0 13 50 63 0 0 0 50 0 13
4 0 46 74 11 1 10 36 34 39 40 30 8 3 0 9 8 9 5
3 0 47 89 3 2 2 40 32 34 60 26 3 0 0 5 11 3 6
0 0 55 100 0 0 0 45 36 27 73 0 9 0 0 0 9 9 9
21 12 6 74 12 1 22 22 25 15 10 24 39 10 5 2 11 28 2
18 7 4 89 7 0 9 18 30 9 5 21 57 7 5 0 9 46 1
40 0 0 80 20 0 20 20 0 20 20 0 60 0 0 0 0 60 0
Leading countries (%)Forecasted realization time
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1 62 13 19 68 86 74 23 3 0 65 85 31 6
2 54 2 19 80 94 89 11 0 0 72 85 13 4
X 1 100 0 0 100 100 0 0 0 100 100 100 100
1 93 10 27 63 65 38 47 14 1 75 37 26 10
2 70 10 21 69 63 30 61 7 1 81 33 19 3
X 7 100 0 0 71 43 57 0 0 86 14 0 14
1 90 11 36 53 65 36 53 11 0 66 31 77 6
2 75 7 33 60 63 29 63 8 0 75 19 77 1
X 5 100 0 0 70 40 60 0 0 80 0 60 0
1 102 8 15 77 47 16 40 43 1 36 5 90 7
2 82 5 15 80 47 13 48 39 0 37 1 96 1
X 4 100 0 0 50 25 25 50 0 25 0 100 0
1 68 7 22 71 54 30 31 34 4 9 16 43 16
2 56 0 21 79 52 27 30 41 2 5 14 57 16
X 0 0 0 0 0 0 0 0 0 0 0 0 0
1 81 6 15 79 37 9 32 51 9 16 49 47 10
2 67 1 18 81 35 3 36 55 6 13 64 42 3
X 1 100 0 0 25 0 0 100 0 0 0 100 0
1 96 13 27 60 64 37 46 16 1 63 17 74 32
2 79 9 22 70 60 28 57 14 1 68 6 81 19
X 7 100 0 0 61 29 57 14 0 57 0 100 29
1 92 8 30 62 47 15 43 40 1 29 9 84 21
2 77 8 22 70 44 9 53 34 4 31 6 87 13
X 6 100 0 0 50 17 50 33 0 17 0 100 17
1 114 11 24 66 64 35 51 13 0 47 7 92 5
2 87 5 24 71 63 29 65 5 1 47 2 94 0
X 4 100 0 0 50 0 100 0 0 50 0 75 0
1 89 18 19 63 73 48 46 6 0 73 12 24 43
2 70 7 23 70 73 47 49 4 0 84 9 19 34
X 5 100 0 0 80 60 40 0 0 100 0 40 0
Topic
Expected effect (%)
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38
Major advances in technology for disposing of
disused manufactured products, leading to the
emergence of commercial services capable of
reducing the final disposal volume to one-tenth
the current level.
Progress in standardization of the methods for
corporate business information disclosure over the net,
enabling a quantitative assessment of companies’ non-
financial aspects, such as degree of social contribution
and consideration for the environment.
Widespread use of ITS (intelligent transportation
systems), enabling safe tours by automobile.
Widespread use of services for leasing robots for
various purposes, such as gardening, patient care,
housework, and childcare.
Emergence of electronic media that stimulate the
pleasure center in the brain, causing a social
problem similar to narcotic drugs.
Widespread use of multimedia-based virtual
leisure, leading to a decline in the development of
ecosystem-threatening resorts.
Widespread use of portable automatic voice
interpretation devices to facilitate overseas
communication.
Widespread use of devices that read printed
matter, road signs, and the like, and translate and
display them in the user’s own language for
overseas travel etc.
Widespread use of home security systems with
disaster prevention, crime prevention and nursing
care support functions, which are interconnected
to form a regional community system.
Establishment of global rules on multimedia
copyright to promote the production and
distribution of multimedia contents.
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3 10 29 10 42 0 32 27 48 63 60 34 16 42 2 11 8 5 5
2 4 31 2 54 0 33 11 52 63 54 35 11 48 0 24 7 2 4
0 0 100 0 0 0 0 100 100 100 100 0 0 100 0 100 0 0 0
4 8 8 53 20 0 26 25 40 19 13 13 29 39 1 4 8 17 3
3 4 3 71 24 0 17 24 50 14 6 7 23 46 0 1 6 24 3
0 14 14 86 29 0 14 29 57 14 0 14 43 43 0 0 14 29 0
1 3 48 43 14 1 16 20 52 50 50 12 34 21 1 19 22 6 1
4 1 67 52 12 1 7 19 60 53 52 8 37 15 0 12 36 4 1
20 0 100 20 0 0 0 40 40 40 80 20 0 0 0 0 20 0 20
8 9 34 33 11 0 39 22 43 42 45 24 21 6 1 4 31 27 2
9 5 46 43 10 0 32 23 46 51 52 28 15 2 0 1 45 30 1
0 25 75 50 25 0 25 0 25 50 75 25 0 0 0 0 25 25 0
12 13 22 50 6 0 31 21 26 15 7 4 9 47 1 6 29 65 3
7 13 16 64 4 0 27 13 32 14 5 2 5 71 0 0 21 79 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
31 11 23 36 6 0 38 10 17 23 21 23 11 16 1 4 7 46 1
25 7 22 55 3 0 31 10 12 24 19 28 9 15 0 1 6 58 0
0 0 0 100 0 0 0 0 0 100 0 0 0 0 0 0 0 100 0
6 4 51 33 16 2 19 20 36 40 50 18 10 2 2 1 6 20 6
4 3 73 33 10 1 8 13 33 48 62 18 11 0 1 0 4 32 3
0 14 86 43 14 0 0 29 14 86 86 0 0 0 0 0 0 29 0
11 4 34 21 12 2 40 12 28 36 37 16 9 1 3 2 7 17 5
9 3 49 17 10 1 31 10 30 47 48 10 8 1 3 0 6 25 4
0 0 67 33 17 0 17 0 17 83 67 0 0 0 0 0 0 0 17
4 3 22 46 13 0 32 24 41 39 37 24 26 9 1 1 25 19 3
0 2 30 69 6 0 24 16 54 46 34 21 31 8 0 0 33 20 2
0 0 50 100 0 0 0 0 25 0 25 0 75 25 0 0 25 25 0
3 3 12 70 25 2 16 26 44 17 12 6 31 58 0 1 2 27 2
3 7 10 87 19 1 7 19 53 11 9 3 33 74 0 0 3 37 3
0 0 40 100 40 0 0 0 20 20 0 0 60 80 0 0 0 60 0
Leading countries (%)Forecasted realization time
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1 102 10 27 63 43 10 45 43 2 34 4 82 32
2 82 10 17 73 41 4 52 44 0 22 0 87 28
X 8 100 0 0 47 0 88 13 0 13 0 88 25
1 98 10 26 64 38 7 32 59 1 41 6 82 13
2 77 9 23 68 37 5 32 62 1 38 4 83 8
X 7 100 0 0 43 0 71 29 0 29 0 100 14
1 103 14 28 58 48 15 51 32 2 40 17 76 31
2 82 12 21 67 49 15 52 32 1 39 11 77 24
X 10 100 0 0 60 30 50 20 0 30 10 70 40
1 79 6 25 68 45 14 45 33 8 42 5 72 5
2 66 3 17 80 44 8 56 31 5 42 0 79 3
X 2 100 0 0 50 0 100 0 0 50 0 0 50
1 106 8 31 60 71 47 45 9 0 58 6 90 8
2 89 6 26 69 72 48 44 8 0 56 1 88 8
X 5 100 0 0 90 80 20 0 0 80 0 100 20
1 103 6 24 70 39 10 32 53 5 26 2 88 2
2 87 1 17 82 34 4 27 66 4 16 0 94 0
X 1 100 0 0 50 0 100 0 0 100 0 0 0
1 79 8 15 77 32 4 29 56 11 22 4 86 1
2 68 7 12 81 28 0 21 71 8 16 0 90 1
X 5 100 0 0 45 0 80 20 0 60 0 60 20
1 86 5 19 77 45 18 35 38 9 40 6 76 5
2 78 3 14 83 40 12 31 51 6 37 1 79 1
X 2 100 0 0 75 50 50 0 0 50 0 0 0
1 94 1 24 74 57 27 48 24 1 33 54 64 6
2 78 1 23 76 54 20 59 20 1 23 50 72 3
X 1 100 0 0 50 0 100 0 0 0 100 0 0
1 76 3 13 84 26 1 16 66 16 8 3 75 7
2 63 0 11 89 24 0 8 79 13 3 0 84 3
X 0 0 0 0 0 0 0 0 0 0 0 0 0
Topic
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50
Widespread use of electronic newspapers and
electronic museums which can be compiled in
line with the specific interests of individuals.
Widespread use of electronic travel pamphlets
and product catalogs that use virtual reality.
Replacement of most book and magazine
distribution by downloading to portable memory
via networks.
Introduction of electronic local assemblies by
30% of local governments, resulting in electronic
voting by local residents on important policy
matters.
Establishment of a system in which childcare
assistance services are assured from the time of
pregnancy/childbirth to preschool as a means of
providing support for women’s social activities.
More than half of all households use Internet
delivery service for food ingredients or prepared
food according to individual household needs.
At least 80% of people use a home ordering
system that enables people ordering clothes to
have the clothes made according to their own
individual tastes.
Obligation by law to take all paid holidays
available.
Widespread sales of recycled furniture, electrical
appliances and other general products through the
Internet etc. to reach the same level of sales as
new products.
Expansion of communication through the web or
Internet-based marriage information services,
leading to an increase of marriages arising from
information exchanges over the Internet to
account for more than half of all marriages.
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2 6 16 63 6 0 29 25 22 25 18 31 22 3 1 1 12 29 2
0 2 21 80 4 0 12 20 23 33 6 41 27 4 1 0 11 41 1
0 0 38 100 0 0 0 25 38 25 25 25 25 13 0 0 25 50 0
1 4 23 64 9 1 28 18 15 21 17 35 11 0 1 2 7 19 1
3 3 21 79 4 1 16 10 12 18 13 52 12 0 1 0 4 29 1
0 0 43 86 0 0 0 14 14 29 29 57 0 0 0 0 14 43 0
18 4 22 63 7 1 18 17 15 18 14 31 37 6 3 2 3 22 5
18 2 22 79 2 1 10 9 17 20 11 37 55 7 1 0 4 33 5
10 0 30 100 0 0 0 0 10 40 30 30 60 0 0 0 20 40 0
22 13 9 41 13 0 42 22 29 24 15 8 48 23 1 1 13 28 3
20 15 3 56 6 0 33 15 21 21 8 5 64 20 0 0 15 47 2
0 0 0 100 0 0 0 0 0 0 0 0 100 100 0 0 50 50 0
3 7 12 25 43 2 30 42 33 21 12 19 36 24 3 1 16 23 3
1 8 7 19 60 2 24 55 34 11 7 15 46 24 2 0 16 27 2
0 0 60 0 60 0 20 60 60 0 0 20 40 40 20 0 20 40 0
20 12 17 50 2 0 35 9 14 9 5 42 19 4 1 3 19 22 2
25 8 11 63 1 0 26 6 10 6 2 61 22 6 0 1 25 33 1
0 0 100 100 0 0 0 100 100 0 0 100 0 0 0 0 0 0 0
28 11 13 33 8 0 44 14 18 11 6 39 8 3 1 3 15 13 4
29 7 4 50 3 0 41 10 15 12 3 57 6 0 1 0 18 13 3
0 0 40 80 40 0 0 0 40 20 20 60 20 0 0 0 40 0 20
30 17 8 21 48 0 33 10 17 1 7 5 16 42 2 2 3 21 5
28 14 4 17 62 0 22 6 13 3 1 3 6 58 3 1 4 24 5
100 0 50 0 50 0 0 50 0 0 0 0 0 0 0 0 50 0 0
24 11 14 33 33 0 28 10 17 17 10 34 27 19 1 6 19 9 6
26 8 6 40 40 0 26 4 12 10 5 58 19 23 1 3 24 6 5
0 0 0 0 100 0 0 0 0 100 0 100 0 0 0 0 100 0 0
43 14 5 25 4 0 58 4 5 4 3 16 7 5 5 1 22 43 3
46 8 2 30 0 0 56 3 3 5 3 30 3 3 3 0 21 57 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leading countries (%)Forecasted realization time
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(Reference 1)
Members of steering committee and sub-committees
1. Steering committee (in charge of the subject in parentheses)
Chairman Noboru Makino Senior Advisor, Mitsubishi Research Institute, Inc.
Vice-chairman Isao Karube Director, Center for Collaborative Research, The University of
Tokyo（Life science）
Member Hideo Aiso President, Tokyo University of Technology (Information and
communications)
Member Hiroshi Ishiwara Professor, Frontier Collaborative Research Center, Tokyo Institute
of Technology (Electronics)
Member Syunsaku Hirai Head Director, Tokyo Metropolitan Neurological Hospital (Health
and Medical care)
Member Toshihiko Nishio President, Japan Specialty Agriculture Products Association
(Agriculture, Forestry, Fisheries and Foods)
Member Takasi Hamada Professor of Earth Science, The University of the Air (Marine
science and earth science)
Member Kunio Yoshida Director, Asia Science and Education for Economic Development
Institute（Resources and Energy, Environment）
Member Masaaki Hirooka Vice-president, University of Marketing and Distribution Science
(Materials & processing)
Member Tadao Kawaguchi Professor, Faculty of Engineering, Seikei University
(Manufacturing)
Member Yoshihiro Tajima Senior Executive Director Gakushuin, The Gakushuin School
Corporation (Distribution)
Member Jun Numata Professor, Faculty of Environmental and Information Studies,
Musashi Institute of Technology (Business and Management)
Member Yoshiko Tsukio Professor, Graduate School of Frontier Sciences, The University
of Tokyo (Urbanization, construction)
Member Haruo Ishida Professor, Institute of Policy and Planning Sciences, University of
Tsukuba (Transportation)
Member Osamu Sudoh Professor, Institute of Socio-information and communication
Studies, The University of Tokyo (Service)
Member Takamitsu Sawa Professor, Institute of Economic Research, Kyoto University
(Socio-economic system)
Member Takako Sodei Professor, school of Human Life and Environmental Science,
Ochanomizu University (Aging Society)
Member Hiroaki Yoshii Professor, Faculty of Communication Studies, Tokyo Keizai
University (Safety & Security)
2. Sub-committees
[ Technology Field Sub-committees ]
< Information and communications >
Chief Hideo Aiso President, Tokyo University of Technology
Vice-chief Yoichi Muraoka Professor, School of Engineering and Science, Waseda
University
Member Hitoshi Aida Professor, Graduate School of Frontier Sciences, The University
of Tokyo
Member Makoto Arisawa Professor, Environmental Information, Keio University
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Member Sadao Obana Managing Director, KDD R&D Laboratories
Member Naoki Kawai Associate Director (Planning and Coordination), Science and
Technological Research Laboratories, Japan Broadcasting
Corporation
Member Yasushi Kiyoki Professor, Faculty of Environmental Information, Keiko
University
Member Satoshi Goto Vice President, Corporate/Officer, NEC Corporation
Member Tokio Taga Director, Radio Laboratory Wireless Laboratory, NTT DoCoMo
Inc.
Member Hiromu Hayashi Member of the Board and General manager, Computer Systems
Laboratories, Fujitsu Laboratories Ltd.
Member Jun-ichi Mizusawa Professor, College of Science and Engineering, Aoyama Gakuin
University
Member Masana Minami Senior Fellow, SI Consulting Division, Information and
Industrial systems and Services Company, Toshiba Corporation
< Electronics >
Chief Hiroshi Ishiwara Professor, Frontier Collaborative Research Center, Tokyo
Institute of Technology
Vice- chief Hajime Ishikawa Advisor, Fujitsu Laboratories LTD.
Member Hidemi Takasu Director and Member of the Board, Semiconductor Research
and Development Headquarters, Rohm Co. Ltd.
Member Ken Takeya Director, NTT Telecommunications Energy Laboratories,
Nippon Telegraph and Telephone Corporation
Member Kazuo Tsubouchi Professor, Research Institute of Electrical Communication,
Tohoku University
Member Akira Toriumi Professor, Graduate School of Engineering, The University of
Tokyo
Member Michiharu Nakamura Executive Vice President, Research and Development Group,
Hitachi, Ltd.
Member Hisao Hayakawa Director, Center for Cooperative Research in Advanced Science
and Technology, Nagoya University
Member Masamichi Fujihira Professor, Graduate School of Bioscience and Engineering,
Tokyo Institute of Technology
Member Kazuo Hotate Professor, Graduate School of Frontier Sciences, The University
of Tokyo
Member Akihiko Morino Executive Vice President, Semiconductor Leading Edge
Technologies, Ltd.
< Life science >
Chief Isao Karube Director, Center for Collaborative Research, The University of
Tokyo
Vice-chief Masaki Sakurai Professor, Graduate School of Medicine, Teikyo University
Member Kou Imachi Professor, Graduate School of Medicine, The University of
Tokyo
Member Moriaki Kusakabe Executive Research Advisor, Bio Business Promotion, Aloka
Co., Ltd.
Member Koji Sode Professor, Department of Biotechnology, Tokyo University of
Agriculture and Technology
Member Kiyoshi Takatsu Deputy Director, Institute of Medical Science, The University
of Tokyo
Member Kazuo Nagai Professor, Graduate School of Bioscience and Engineering,
Tokyo Institute of Technology
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Member Yoshihide Hayashizaki Project Manager, Genome Exploration Research Group,
Genome Science Laboratory, The Institute of Physical and
Chemical Research (RIKEN)
Member Akihiro Hino Manager, Molecular Function Division, National Food Research
Institute
Member Minoru Morikawa Director, Product Planning Department, Chugai Pharmaceutical
Co., Ltd.
- The sub-committee requested that Mr. Shohei Yonemoto, (Head Program on Life Science and Society,
Mitsubishi Kasei Institute of Life Science) select topics and draft targeted fields for bioethics.
< Health and Medical care >
Chief Syunsaku Hirai Head Director, Tokyo Metropolitan Neurological Hospital
Vice-chief Hideaki Mizoguchi Professor and chairman, Department of Hematology, Tokyo
Women’s Medical University
Member Akihisa Iguchi Professor, Graduate School of Medicine, Nagoya University
Member Takashi Inamatsu Director of Infectious Disease Section, Tokyo Metropolitan
Geriatric Hospital
Member Fumio Eto Professor, Graduate School of Medicine, The University of
Tokyo
Member Keigo Endo Professor, School of Medicine, Gunma University
Member Fumitake Gejyo Professor, Department of Medicine (II), Niigata University
Member Kenji Toba Professor, Department of Medicine, Kyorin University
< Agriculture, Forestry, Fisheries and food >
Chief Toshihiko Nishio President, Japan Specialty Agriculture Products Association
Vice-chief Osamu Suzuki Counsellor for Research and Development, AFF Research
Council Secretariat, Ministry of Agriculture, Forestry and
Fisheries
Member Hisao Itabashi Professor, Faculty of Agriculture, Tokyo University of
Agriculture and Engineering
Member Kazuyuki Inubushi Professor, Faculty of Horticulture, Chiba University
Member Susumu Kawabe Director, Department of Biological Safety, National Institute for
Agro-Environmental Sciences
Member Hiroshi Taoda Section Director, Plane Ecology Section, Forest Environment,
Forestry and Forest Products Research Institute
Member Makoto Tajima Professor, Faculty of Human Life Science, Jissen Women’s
University
Member Tsukasa Nagaki Director, Horticultural Engineering Department, Institute of
Agricultural Machinery, Bio- oriented Technology Research
Advancement Institute
Member Masami Nakamura Senior Staff writer, Science and Technology News Department,
Editorial Bureau, Nihon Keizai Shimbun, Inc.
Member Yasuyuki Yamakoshi Director, Fishing Technology Division, National Research
Institute of Fisheries Engineering
< Marine science, Earth Science and Space >
Chief Takasi Hamada Professor of Earth Science, The University of the Air
Vice-chief Tatsuo Yamanaka Former Professor of Yokohama National University
Member Hajime Inoue Professor, The Institute of Space and Astronautical Science
Member Toshifumi Sakata Professor, Tokai University Research and Information Center
Member Tetsuya Shoji Professor, Graduate School of Engineering, The University of
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Tokyo
Member Yoshiaki Suzuki Executive Director, Wireless Communications Division,
Communications Research Laboratory
Member Shinichi Takagawa Senior Researcher, Marine Technology Department, Japan
Marine Science and Technology Center
Member Makoto Terazaki Director, The Center for International Cooperation ,Ocean
Research Institute, The University of Tokyo
Member Masayasu Tokonami Professor, Graduate School of Engineering, Saitama Institute of
Technology
Member Hisaaki Maeda Professor, Institute of Industrial Science, The University of
Tokyo
Member Taketo Maruyama Professor, Astronomy and Earth Science, Faculty of Education,
Tokyo Gakugei University
Member Mitsuhiro Yamada Director, The Study Center of Tokyo Bunkyo, The University of
the Air
< Resources, Energy and Environment >  Names in (  ) are former sub-committee members.
Chief Kunio Yoshida Director, Asia Science and Education for Economic
Development Institute
Vice-chief Takao Kashiwagi Professor, Faculty of Engineering, Tokyo University of
Agriculture and Technology
Member Kazuaki Kawasaki Director, River Information Office, River Planning Division,
River Bureau, Ministry of Land, Infrastructure and Transport
(Michimasa Ikeda)
Member Takahiko Okura Director, Nikko Techno Service co., LTD.
Member Shigeru Ohtani Deputy General Manager, Planning and Marketing Office,
Environmental Engineering Group, Ebara Corporation
Member Yukinori Kuwano President and CEO, Sanyo Electric Co. Ltd.
Member Hiroshi Shimizu Professor, Faculty of Environmental Information, Keio
University
Member Hidekazu Suzuki Manager, R&D Management Group, Energy and Environment
R&D Center, Tokyo Electric Power Company
(Yoshiharu Tachibana)
Member Tatsuzo Tone Scientific Consultant, Japan Atomic Energy Research Institute
Member Tetsuo Hayakawa Professor, College of Environmental Health, Azabu University
Member Kaoru Fujimoto Professor, Graduate School of Engineering, The University of
Tokyo
Member Kouji Matsushima Professor, Graduate School of Medicine, The University of
Tokyo
Member Ryuji Matsuhashi Associate Professor, Graduate School of Frontier Sciences, The
University of Tokyo
Member Tsutomu Yamaguchi Senior Managing Director, Research Institute of Innovative
Technology for the Earth
< Materials and Processes >
Chief Masaaki Hirooka Vice-president, University of Marketing and Distribution
Science
Vice-chief Azusa Tomiura Executive Advisor, Nippon Steel Corporation
Member Masuo Aizawa Vice-President, Tokyo Institute of Technology
Member Muneyuki Amano Director of Materials Physics Division, National Research
Institute for Metals
Member Masakazu Iwamoto Professor, Chemical Resources Laboratory, Tokyo Institute of
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Technology
Member kazunori Kataoka Professor, Graduate School of Engineering, The University of
Tokyo
Member Mutsukazu Kamo Deputy Director-General, National Institute for Research in
Inorganic Materials
Member Yutaka Kuwahara Senior Corporate Executive Staff, Leader of Global Operation,
R&D Group, Hitachi, Ltd.
Member Shin Kosaka Director, Frontier Technology Division, Electrotechnical
Laboratory
Member Shiro Kobayashi Professor, Graduate School of Engineering, Kyoto University
Member Kohei Sanui Academic Vice-president, Sophia University
Member Mitsuo Sawamoto Professor, Graduate School of Engineering, Kyoto University
Member Seizo Sumida Managing Director, Japan Bioindustry Association
Member Hiroshi Tokumoto Group Leader, Nanotechnology Research Institute, National
Institute for Advanced Industrial Science and Technology
Member Akio Makishima Professor, Graduate School of Engineering, The University of
Tokyo
Member Makoto Misono Professor, Faculty of Engineering, Kogakuin University
Member Yasuo Wada Senior Research Scientist, Advanced Research Laboratory,
Hitachi, Ltd.
< Manufacturing >
Chief Tadao Kawaguchi Professor, Faculty of Engineering, Seikei University
Vice-chief Kazuo Mori Director, Manufacturing Information Division, Department of
Manufacturing systems, Mechanical Engineering Laboratory
Member Ichiro Inasaki Professor, Faculty of Science and Engineering, Keio University
Member Kouhei Ohnishi Professor, Faculty of Science and Engineering, Keio University
Member kyosuke Ono Professor, Faculty of Engineering, Tokyo Institute of
Technology
Member Kazuya Kauchi Chief Engineer, Production Technology Laboratories, NEC
Corporation
Member Manabu Kiuchi Professor, Institute of Industrial Science, The university of
Tokyo
Member Kazuro Shirabe Director, Production Management Division, Oita Works,
Nippon Steel Corporation
Member Iwao Nihashi General Manager, Body Dept., Production Engineering
Planning Div., Toyota Motor Corporation
Member Kyoko Shibata Research Assistant, Faculty of Engineering, Seikei University
< Distribution >
Chief Yoshihiro Tajima Senior Executive Director Gakushuin, The Gakushuin School
Corporation
Vice-chief Yukihiko Uehara Professor, Faculty of Economics, Meiji Gakuin University
Member Hirotaka Kato Senior Researcher, The Distribution Economics Institute of
Japan
Member Toshimi Tanaka Professor, Faculty of Economics, Sophia University
Member Fuminobu Naramura Visiting Fellow, Gakushuin University Research Institute of
Economics and Management
Member Junko Fukuda Professor, Faculty of Management and Information Sciences,
Josai International University
< Business and Management >
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Chief Jun Numata Professor, Faculty of Environmental and Information Studies,
Musashi Institute of Technology
Member Ichiro Takagi Supervisor, Management Consulting Department, Business
Brain Showa/ota Inc.
Member Yukio Nagashima President, NTT Data Science Corporation
Member Toshiyuki Murata General Manager, Environmental Engineering Office , New-
Business Promotion Department, Business Promotion
Headquarters,, NTT Power and Building Facilities Inc.
Member Shunji Mohri Chief Researcher, Production Engineering Research Laboratory,
Hitachi, Ltd.
Member Tadashi Mori President and CEO, Will Net Inc.
Member Hiromichi Morimoto Chief Management Staff, Industrial Policy Affairs, Corporate
External Relations Division, Sony Corporation
< Urbanization and Construction >  Names in (  ) are former sub-committee members.
Chief Yoshio Tsukio Professor, Graduate School of Frontier Sciences, The University
of Tokyo
Vice-chief Muneo Hori Associate Professor, Earthquake Research Institute, The
University of Tokyo
Member Yasushi Asami Associate Professor, Graduate School of Engineering, The
University of Tokyo
Member Mieko Kenjo Professor, Faculty of Social Science, Aomori University
Member Kozo Toyama Advisor, Kajima Technical Research Institute, Kajima
Corporation
Member Masato Seiji Director, Engineering Affairs Division, Minister’s Secretariat,
Ministry of Land, Infrastructure and Transport
(Tsuneyoshi Mochizuki)
< Transportation >
Chief Haruo Ishida Professor, Institute of Policy and Planning Sciences, University
of Tsukuba
Vice-chief Hiroyuki Yamato Professor, Graduate School of Frontier Sciences, The University
of Tokyo
Member Naoto Egawa Deputy Director, Railway Development Department,
Corporation for Advanced Transport and Technology
Member Keiji Kawachi Professor, Research Center for Advanced Science and
Technology, The University of Tokyo
Member Takahiro Tsuruga Chief Engineer, Technical Information Division,  Tochigi
R&D Center, Honda R&D Co., Ltd.
Member Makoto Nakamura Assistant Director-General , Public Works Research Institute
< Service >
Chief Osamu Sudoh Professor, Institute of Socio-information and communication
Studies, The University of Tokyo
Member Chuichi Arakawa Professor, Graduate School of Engineering, The University of
Tokyo
Member Chizuko Inoue Vice-president, Kinjo University
Member Hideki Kato Professor, Faculty of Policy Management, Keio University
Member Ikuo Kimura General Manager, Information Services Division, Hitachi Ltd.
Member Junjiro Shintaku Associate Professor, Graduate School of Economics, The
University of Tokyo
Member Kiyoshi Nosu Project Manager, Network Society Project, NTT Service
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Integration Laboratories, Nippon Telegraph and Telephone
Corporation
Member Masaaki Hashimoto Professor, College of Community and Human Services, Rikkyo
University
[ Needs field sub-committees ]
< New socioeconomic system >
Chief Takamitsu Sawa Professor, Institute of Economic Research, Kyoto University
Member Tamotsu Aoki Professor, Research Center for Policy Studies, National
Graduate Institute for Policy Studies
Member Takashi Ohnishi Professor, Research Center for Advanced Science and
Technology, The University of Tokyo
Member Yoshiki Ogawa General Manager, The second Department of Research, The
Institute of Energy Economics. Japan
Member Seiichi Toshida Trustee and Research Advisor, Japan Center for Economic
Research
Member Yoshio Higuchi Professor, Faculty of Business and Commerce, Keio University
Member Midori Miyazaki Associate Professor, Faculty of Policy Informatics, Chiba
University of Commerce
< Aging society >
Chief Takako Sodei Professor, School of Human Life and Environmental Science,
Ochanomizu University
Member Yasuhito Kinoshita Professor, Department of Social Relations, Rikkyo University
Member Yoko Kimura Member, Local Finance Council, Ministry of Public
Management, Home Affairs, Posts and Telecommunications
Member Yukio Shimauchi General Manager, Benesse Education Research Center, Benesse
Corporation
Member Tadashi Toyama Professor, Graduate school of Engineering, Kyoto University
Member Masako Maeda Senior Research Associate, Life Design Institute
< Safety and Security >
Chief Hiroaki Yoshii Professor, Faculty of Communication Studies, Tokyo Keizai
University
Member Koichi Okamoto Professor, Faculty of Human Sciences, Toyo Eiwa University
Member Tomonobu Nakaoka Managing Director, Institute for Traffic Accident Research and
Data Analysis
Member Akira Fukushima Professor, Faculty of Humanities, Sophia University
Member Takehiko Murayama Associate Professor, School of Science and Engineering,
Waseda University
Member Yoshiko Takahashi Director, Products Testing Section, Tokyo Metropolitan
Comprehensive Consumer Center
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(Secretariat)
National Institute of Science and Technology Policy
Science and Technology Foresight Center
Terutaka Kuwahara Director
Michio Seya Senior Researcher
Hideaki Shinmyou Senior Researcher
Yoshiko Yokoo Researcher
Hisao Ueda Research Fellow
Hiroshi Utsunomiya Research Fellow
Atsushi Ogasawara Research Fellow
Katsuo Horiuchi Research Fellow
Masahiro Matsukubo Research Fellow
Kiyotaka Tanaka Former Research Fellow
Rumi Hayasaka Assistant Researcher
Naoko Yamagami Assistant Researcher
The Institute for Future Technology
Takashi Kikuta Direcotr, Science and Technology Policy Research Division
Masataka Sawaki Senior Researcher
Toshiya Kobayashi Senior Researcher
Yoshihiro Watanabe Senior Researcher
Kumiko Imai Senior Researcher
Nobuko Ueno Researcher
Yasushi Kasai Researcher
Hiroshi Yochi Researcher
Hiroaki Nakajima Researcher
Naoko Katakura Researcher
Yoshiko Wada Researcher
Junichiro Takano Former Researcher
573
(Reference 2)
Top 100 topics in the sixth survey
Ranking Field Topic Importanceindex
Forecasted
realization
time
Notes; Classification of topic
1  Production
42 Widespread use of non-fossil energy sources (wind,
geothermal, solar (photovoltaic/solar thermal) and
waste heat) in all areas of life including household,
industry and transportation.
94 2018 New energy
2  Electronics 06 Practical use of VLSI with as much as 256 Gbits ofmemory per chip. 94 2014 Information
Semiconductors
etc.
3  Electronics
30 Practical use of solar cells which make the cost of
power generation facilities less than 100 yen/watt. 93 2012 New energy Solar cells
4  Electronics
05 Practical use of technology which allows mass
processing of patterns with minimum line width as low
as 10 nanometers.
93 2013 Information Semiconductorsetc.
5  Space
25 The cost of rocket thrusted space transportation will
be reduced to less than 1/10 current levels. 93 2014
6  Production
50 Widespread use of designing, producing, collecting
and recycling systems which make it possible to recycle
most used materials through legally establishing
manufacturers' responsibilities for collection and
disposal of disused products.
92 2012 Environment Recycling
7  Marine science
60 Development of technology capable of forecasting
the occurrence of major earthquakes (magnitude 7 or
above) several days in advance.
92 2023 Disasters Earthquakes
8  Communication
01 Practical use of a highly secure next-generation
internet that allows the transmission of real-time
information, leading to the implementation of internet-
based telephone services and motion video broadcasts.
92 2003 Information Networks
9  Electronics
18 Development of solar cells capable of maintaining
15% efficiency for at least 10 years without light
convergence.
92 2010 New energy Solar cells
10  Urbanization
13 Practical use in Japan of a safe and rational
demolition technology for decommission of commercial
nuclear power plants.
92 2009 New energy Nuclear energy
11  Materials 84 Practical use of multi-layer solar cells with aconversion efficiency of more than 50%. 91 2016 New energy Solar cells
12  Materials 85 Practical use of large-area amorphous silicon solarcells with a conversion efficiency of more than 20%. 91 2011 New energy Solar cells
13  Life science
49 Practical use of effective means to prevent
metastasis of cancer. 91 2013 Life Cancer
14  Marine science
01 Practical use of Tsunami forecasting systems based
on tide and Tsunami observation through satellites and
on other data including shelf topography.
91 2007 Disasters Naturaldisasters
15  Environment 32 Wide acceptance of LCA-style product designconcepts that encourage recycling and reuse. 91 2007 Environment Recycling
16  Information
22 Widespread use of highly reliable network systems
capable of protecting the privacy and secrecy of
individuals and groups from the intrusion of ill-
intentioned hackers.
91 2007 Information Networks
17  Materials 34 Establishment and practical use of plastic recyclingtechnology. 91 2007 Environment Recycling
18  Production
44 Practical use of technologies that enable the direct
storage of electricity (superconducting magnets,
flywheels and capacitors).
90 2016 New energy
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Ranking Field Topic Importanceindex
Forecasted
realization
time
Notes; Classification of topic
19  Information
18 Realization of an environment in which the
unlimited utilization of high-capacity networks (150
Mbps) for around 2,000 yen/month is possible.
90 2008 Information Networks
20  Information
64 Establishment of social rules regarding multimedia
copyrights, and expanded production and distribution of
multimedia information.
89 2005 Information Networks
21  Resources
63 Practical use of technology for the safe disposal of
highly radioactives solid waste. 89 2019 New energy Nuclear energy
22  Electronics
13 Practical use of TIPS (Tera Instruction Per Second)
level microprocessors. 89 2018 Information
Semiconductors
etc.
23  Environment
24 Widespread use of control technologies in virtually
all types of automobiles, capable of meeting the
emission control standard for nitric oxide at the order of
0.1 to 0.2 g/km. (The current level for heavy diesel
motorcars is on the order of 4 to 5 g/km, and the
standard control value for gasoline passenger cars in
1978 is 0.25 g/km.)
89 2007 Environment
24  Electronics
08 Practical use of non-volatile, erasable with more
than 100 Gbits capacity random access semiconductor
memories.
88 2017 Information Semiconductorsetc.
25  Agriculture etc.
84 Practical use of a system of removing almost the
entire pollution load on lakes, bays and other closed
water bodies that are suffering from water quality
degradation by developing environmental restoration
technology that utilizes ecosystems and biological
functions.
88 2018 Environment
26  Transportation 31 Achievement of a 90% recyclability for motorvehicle parts and material (scrapped vehicles). 88 2009 Environment Recycling
27  Marine science
14 Development of a numerical model of the
correlation between climatic changes and changes in
marine living resources.
88 2013 Environment Globalenvironment
28  Production
08 Practical use of room temperature superconductors
in industrial products. 88 2016
29  Resources 19 Practical use of economical methods for separatingand recycling valuable substances in urban garbage. 88 2009 Environment Recycling
30  Electronics 49 Production of household-use optical fiber signaltranceiver units at a cost of around 5,000 yen. 88 2009 Information Networks
31  Resources
17 Practical use of technologies capable of separating
useful metals, such as iron, copper and aluminum, from
metal-containing wastes, such as scrap cars, discarded
electric appliances, to a purity level of more than 99%.
88 2011 Environment Recycling
32  Life science
74 Identification and classification by the molecular
etiology of the genes related to diabetes, hypertension,
and arteriosclerosis, typical geriatric diseases which
exhibit multiple-factor hereditary traits.
88 2012 Life
33  Health 05 Elucidation of carcinogenic mutation mechanisms. 88 2013 Life Cancer
34  Marine science 43 Establishment of scientific methods for long-rangeweather forecasting (1-6 months in advance). 88 2014
35  Production
70 Widespread use of earthquake damage alleviation
systems for industrial complexes, nuclear facilities, etc.
based on the early operation of safety devices in
response to initial mild tremors.
88 2009 Disasters Earthquakes
36  Urbanization
05 Practical use in Japan of a mid-term (5 - 10 years in
advance) prediction technique for large-scale
(Magnitude 8 or stronger) earthquakes based on
analyses of the distribution of strains in the earth's crust
and past earthquake records.
87 2017 Disasters Earthquakes
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37  Transportation
07 Development of a system that detects the initial mild
tremors of an earthquake at appropriate locations, and
safely stops trains as necessary to avoid places that have
a high risk of collapse (because of the earthquake).
87 2006 Disasters Earthquakes
38  Electronics 09 Practical use of semiconductor LSIs that operate at aswitching speed of 1 ps or less. 87 2015 Information
Semiconductors
etc.
39  Agriculture etc.
02 Practical use in Japan of crop varieties having the
characteristics (higher yield and more disease- and
cold-resistance) improved by gene manipulation.
87 2004 Life
40  Life science 48 Development of drugs capable of preventing theoccurrence of certain types of cancer. 87 2010 Life Cancer
41  Production
51 Advancements in technological development such as
carbon dioxide recovery and detoxification of harmful
wastes, leading to the widespread use of global
environmental conservation measures throughout the
world.
87 2018 Environment Globalenvironment
42  Communication
72 Development of high performance batteries with an
energy density of about 500 Wh/kg, capable of
miniaturizing mobile phones in terms of both size and
weight.
87 2009
43  Information
48 Widespread use in all areas of security systems
capable of providing emergency information to the
general public in the case of a disaster.
87 2007 Disasters
44  Environment
34 Establishment of assessing socio-economic
damage/loss because of the destruction of natural
environment by soil contamination and land subsidence
(e.g., loss of natural beaches, forests, or fields) and
incorporation of its countermeasures in regulatory
system.
87 2012 Environment
45  Health
44 Improvement in the average five-year survival rate
for all types of cancer to more than 70% (currently
about 40% for stomach cancer).
87 2013 Life Cancer
46  Electronics
19 Development of processor LSIs with 10 GIPS
performance and power consumption of 10 miliwatts or
less.
87 2014 Information Semiconductorsetc.
47  Life science 02 Development of anti-cancer agents which target themanifestation functions of cancer genes. 87 2010 Life Cancer
48  Life science
35 Widespread production of bioplastics using
microorganisms and plants, accounting for 10% of the
total volume of worldwide plastic production.
87 2013 Environment Recycling
49  Agriculture etc. 01 Elucidation of the whole DNA sequences of crops(e.g. Rice) to isolate useful genes. 87 2009 Life
50  Agriculture etc. 20 Widespread use of biodegradable containers andwrapping materials that use bio-oriented materials. 86 2005 Environment Recycling
51  Marine science
45 Nationwide installation of bore-hole-type
observation equipment integrating various types of
gauges (e.g., seismometers, tiltmeters, and strain-
gauges) for use in earthquake forecasting.
86 2011 Disasters Earthquakes
52  Life science
01 Identification of multiple genes related to cancer,
and elucidation of the relationships between those genes
and carcinogenesis.
86 2014 Life Cancer
53  Health 06 Elucidation of cancer metastasis mechanisms. 86 2012 Life Cancer
54  Life science
67 Become possible to cure senile dementia of
Alzheimer type. 86 2016 Life Brain
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55  Production
49 Widespread use of low entropy-generating eco-
factories, which give due consideration to the impact on
local ecosystems throughout product life cycles, from
manufacture to disposal.
86 2017 Environment Recycling
56  Marine science
58 Practical use of technology for predicting and
forecasting landslides and rockslides caused by intense
rainfall in certain locations in Japan.
86 2010 Disasters Naturaldisasters
57  Communication
63 Practical use of integrated building management
systems and home security systems which are linked to
an earthquake detection system and take the necessary
safety measures to protect human lives in the event of a
non-direct-hit earthquake, taking advantage of the time
lag to the arrival of seismic waves.
86 2011 Disasters Earthquakes
58  Materials
62 Development of memory capacity of 1 terabit per
chip. 86 2013 Information
Semiconductors
etc.
59 Urbanization
04 Development of a nationwide network for detecting
earthquakes, and widespread use in Japan of a disaster
prevention system that gives advance warning of
earthquakes at a distance of at least 50Km.
86 2011 Disasters Earthquakes
60  Life science
91 Development of technologies which dramatically
improve photosynthetic ability in order to increase food
production.
86 2017 Life
61  Transportation
17 Widespread use of motor vehicles with fuel
efficiencies 30% greater than today's vehicles through
the introduction of new materials that increase strength
and reduce weight and development of element
technologies such as one concerning engine thermal
efficiency improvements.
86 2007 Environment
62  Environment
38 Widespread use (e.g., more than 10% in the world)
of automobiles as urban transportation system (e.g.,
electric vehicles) which do not cause air or noise
pollution.
86 2013 Environment
63  Communication
67 Widespread use of electronic commerce carried out
via a network based on an electronic funds transfer
system and electronic money system.
85 2006 Environment Networks
64  Materials
107 Practical use of processes for water decomposition
by the sunlight. 85 2017 New energy
65  Environment 23 Introduction of environment tax aiming at globalenvironmental conservation. 85 2006 Environment
Global
environment
66  Information
05 Practical use of systems which facilitate multimedia
communication from anywhere in the world using
pocket-size computers.
85 2003 Information Networks
67  Marine science
12 Practical use of technologies for predicting and
forecasting changes in the ocean currents in the seas
adjoining Japan.
85 2011
68  Agriculture etc.
55 Development of production regulation systems as a
step toward management of resources and fisheries
once it becomes possible to predict the long term (10 to
20 years) changes major fishery resources.
84 2016
69  Electronics
24 Widespread use of a portable multimedia wireless
terminal operated on the order of 100 Mbits/sec., which
can be used throughout the world.
84 2011 Information Networks
70  Materials 108 Practical use of carbon dioxide fixation technologynecessary for protecting global environments. 84 2016 Environment
Global
environment
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71  Space
09 Realization of precision down to less than a
centimeter in measurement of crustal movement using
VLBI (very long baseline inter-ferometers), satellite
lasers, inverse laser ranging, and synthetic aperture
radar to improve accuracy in such as earthquake
forecasting.
84 2009 Disasters Earthquakes
72  Transportation
30 Practical use of heavy-duty freight truck exhaust
clean-up technologies - such as diesel exhaust catalysts,
particulate traps, lean-burn NOx catalysts and high
precision combustion technology - to reduce the
harmful components of exhaust to 1/10 of present
levels.
84 2010 Environment
73  Transportation
14 Widespread use of traffic control systems on road,
for optimal control of the flow of traffic in cities based
on identification of vehicles on road, speed, and level of
congestion.
84 2007
74  Communication
08 Development of a super high-speed computer
communication protocol capable of achieving a
throughput of hundreds of Mbps.
84 2003 Information Networks
75  Electronics
32 Practical use of ultraviolet, blue, and green,
semiconductor lasers. 84 2004
76  Environment
08 Determination and general understanding of the
impact of global warming on world agricultural
production.
83 2012 Environment Globalenvironment
77  Materials
44 Development of superconductive materials with a
transition temperature around room temperature. 83 2020
78  Life science
72 Scientific elucidation of the factors within daily life
(eating habits, air quality, etc.) which influence the
process of carcinogenesis.
83 2012 Life Cancer
79  Information
45 Advances in software inspection and verification
technology, enabling quick development of error-free,
large-scale software.
83 2012 Information
80  Marine science
22 Development of safe, economically feasible
technology for the removal/detoxification of sea-bottom
sludges, enabling the widespread application of
methods for decontamination and recovery of fishery
grounds.
83 2013 Environment
81  Electronics
67 Development of a magnetic memory hard disk
capable of recording 1,000 Gbits density per square
inch.
83 2017 Information Semiconductorsetc.
82  Agriculture etc.
42 Establishment of a quantitative assessment technique
for the environmental conservation functions of forest
ecosystems, and widespread use of a forest
management technique that makes the exploitation of
timber resources, while still maintaining such functions.
83 2014 Environment
83  Urbanization
62 Establishment in Japan of a wide-area integrated
water management technique covering rivers, dammed
reservoirs, etc., leading to widespread use of efficient
water resource utilization systems in major urban zones.
83 2009
84  Electronics
38 Practical use of optical multiplexed communication
equipment capable of multiplexing 200 channels of
signals with 100 Gbits/sec. and transmitting them over a
single optical fiber.
83 2014 Information Networks
85  Resources
06 Development of a steelmaking technology that
requires fossil fuel consumption less than half of the
present level.
83 2014
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86  Life science
52 Development of an entirely implantable artificial
kidney. 83 2013 Life
87  Communication
09 Widespread use of integrated information wiring and
plug socket that incorporate services such as the
telephone, Internet, VOD and high-definition TV in
homes and offices.
83 2007 Information Networks
88  Life science
28 Control of signal transduction in the carcinogenesis
of cells, and widespread use of treatment methods for
dysdifferentiating carcinogenic cells.
82 2020 Life Cancer
89  Environment
31 Widespread use of power generation using refuse
derived fuel (RDF). 82 2006 New energy
90  Electronics
68 Practical use of optical memories with recording
density of 1011 b/cm2. 82 2016 Information
Semiconductors
etc.
91  Communication
74 Practical use of biochip devices that have a memory
density (1012 bit/cm2) 1,000 times that of current
semiconductor devices (109 bits/cm2).
82 2015 Information Semiconductorsetc.
92  Marine science 17 Practical use of systems for monitoring waterpollution on a global scale. 82 2012 Environment
Global
environment
93  Electronics
28 Practical use of automated production systems in
which LSI chips are produced automatically by giving
LSI design data.
82 2015 Information Semiconductorsetc.
94  Life science
07 Elucidation of the environmental factors and control
mechanisms of the immune response which triggers
allergies such as hay fever and atopy, facilitating the
complete control over immediate type hyper-sensitivity.
82 2014 Life
95  Information
68 Widespread use of systems to unitarily handle
information management (orders, design,
manufacturing, maintenance) among related companies.
82 2005 Information Networks
96  Environment
04 Practical use of materials that replace fluorocarbons
and halons, that do not damage the ozone layer and
cause global warning problem.
82 2007 Environment Globalenvironment
97  Materials
20 Practical use of rechargeable polymer batteries
having a volume-specific capacity of 400 Wh/liter.
(Capacity of current Ni-Cd batteries: 180 Wh/liter)
82 2011
98  Environment
27 Widespread use, including use at home, of compact
waste-water treatment systems based on biotechnology
for the highly efficient treatment of persistent
substances and hazardous materials.
82 2010 Environment
99  Life science
36 Widespread production of alcohol and other fuel oils
utilizing microorganisms, seaweed, etc., accounting for
10% of total worldwide fuel oil production.
81 2015 New energy
100  Health
20 Widespread use of scientific guidelines for adult-
disease-preventing life-styles (nutrition, rest and
exercise).
81 2006 Life
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Top 100 topics in the fifth survey
Ranking Field Topic Importanceindex
Forecasted
realization
time
Notes; Classification of topic
1 Life science 42. Practical use of effective means to preventmetastasis of cancer. 97 2007
Life Cancer
2 Lifestyles andculture
10. Practical use of technologies that will
eliminate the Nox, and other pollutants that cause
today’s air pollution.
97 2002 Environment
3 Particles 26.Practical use of computers with a throughputexceeding 10 TFlops. 96 2004
Information
4 Health andmedical care
04. Elucidation of mechanism of canceration for
virtually all types of malignant neoplasms. 96 2009
Life Cancer
5 Production
30. Progress in the development of technologies
including those for absorbing carbon dioxide,
artificial photosynthesis, turning wastes into
harmless substances and preventing
desertification, leading to world-wide
implementation of global environmental
preservation measures.
96 2011 Environment Globalenvironment
6 Information andelectronics
03. Practical use of VLSI with memory capacities
on the order of 1 Gb/chip. 95 2001
Information Semiconductors etc.
7 Information andelectronics
02. Practical use of technology easily enabling
processing of patterns with line-spacing down to
10 nm.
95 2002 Information Semiconductors etc.
8 Life science
12. Identification of all genes inhibiting cancer
and elucidation of the relationships between
those genes and carcinogenesis.
94 2009 Life Cancer
9 Outer space 11. Practical use of worldwide air traffic controlsystems using artificial satellites. 94 2001
10 Particles
27. Practical use of large-capacity recording
equipment with a writing speed of 1 GB or more
per second.
94 2003 Information Semiconductors etc.
11 Marine scienceand earth science
73. Development of technology capable of
forecasting the occurrence of major earthquakes
(magnitude 7 or above) a few days in advance.
94 2010 Disasters Earthquakes
12 Life science
41. Development of highly sensitive techniques
for simple and early diagnoses of cancers, using
blood serums or others.
94 2001 Life Cancer
13 Mineral andwater resources
19. Practical use of economical methods of
segregating valuable substances in city garbage
for their retrieval.
93 2001 Environment Recycling
14 Life science 74. Possibility of prevention of Alzheimer’sdisease. 93 2010
Life Brain
15 Life science 75. Possibility of healing of senile dementiassuch as Alzheimer’s disease. 93 2015
Life Brain
16 Life science 40. Development of medicines preventing thedevelopment of cancers. 93 2012
Life Cancer
17 Life science
11. Elucidation of the mechanisms of the
immune response at the level of molecular
biology.
93 2008 Life
18 Health andmedical care
07. Elucidation of the mechanism of
atherosclerosis. 93 2003 Life
19
Agriculture,
forestry, and
fisheries
02. Practical use of improved crop varieties
(higher yield and more disease-and cold-
resistant) created by plant gene manipulation.
93 2002 Life
20 Materials andprocessing
38. Development of superconductive materials
with a transition temperature around room
temperature.
92 2017
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21 Life science
29. Practical use of technologies enabling solar
energy to be converted into, or stored as
biochemical energy.
92 2009 New energy
22 Energy 28. Practical use of technology for the safedisposal of highly radioactives solid waste. 92 2009
New energy Nuclear energy
23 Life science
94. Practical use of (breeding methods to
produce) plants with drought and salt tolerance at
a high degree to stop the spread of desert
environments.
92 2008 Environment Globalenvironment
24 Production
28. Widespread use of designing, producing,
collecting and recycling systems which make it
possible to recycle most used materials through
legally establishing manufacturers’
responsibilities for collection and disposal of
disused products.
92 2004 Environment Recycling
25 Production
72. Diffusion of systems to prevent damage at
such facilities as oil complexes or nuclear power
generation plants due to earthquakes or other
disasters, e.g., incorporating safety equipment
triggered by first slight tremors.
92 2006 Disasters Earthquakes
26 Urbanization andconstruction
51. Development of waste recycling technology,
enabling the amount of city waste (i.e., that must
be disposed of) to be reduced to half its current
level.
91 2004 Environment Recycling
27 Environment 11. Determination of impacts of global warmingon the whole world’s agricultural production. 91 2004
Environment Globalenvironment
28 Life science 22. Elucidation of the whole aspect of the signaltransduction in the carcinogenesis of cells. 91 2006
Life Cancer
29 Urbanization andconstruction
65. Establishment of safe and efficient
demolition technologies for decommissioned
commercial nuclear power plants.
91 2003 New energy Nuclear energy
30 Environment 12. Reduction of global carbon dioxideemissions to 20% below the current level. 91 2014
Environment Globalenvironment
31 Environment
04. Practical use of materials that replace91
fluorocarbon and halon, that do not damage the
ozone layer and cause no global warming
problem.
91 1998 Environment Globalenvironment
32 Health andmedical care
16. Development of effective methods of
preventing Alzheimer’s disease. 91 2010
Life Brain
33 Materials andprocessing
22. Practical use of multi layer solar cells with a
conversion efficiency of more than 50%. 91 2009 New energy Solar cells
34 Marine scienceand earth science
40. Elucidation of the mechanisms of the
formation, change and extinction of the ozone
layer surrounding the earth.
91 2001 Environment Globalenvironment
35 Life science
23. Common use of medical treatments for
dysdifferentiating carcinogenic cells. 91 2015 Life Cancer
36 Environment
32. Widespread use of fuel control technologies
in virtually all types of automobiles, capable of
meeting the emission control standard for nitric
oxide on the order of 0.1 to 0.2 g/km. (The
current level for heavy diesel motorcars is on the
order of 4 to 5 g/km, and the standard control
value for gasoline passenger cars in 1978 is 0.25
g/km.)
90 2002 Environment
37 Production 02. Prevailing use of cold superconductivematerials for industrial products. 90 2008
38 Life science 63. Elucidation of the mechanisms of aging. 90 2012 Life
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39 Transportation
05. Practical use of railcars capable of
continuous operation at a speed of 300 km/h
while still meeting environmental standards,
using today’s Shinkansen facilities and
equipment.
90 1997 Environment
40
Agriculture,
forestry, and
fisheries
69. Widespread and general use of biodegradable
packing materials that can be decomposed
naturally to harmless substances by
microorganisms, enzymes or the like.
90 2003 Environment
41 Life science
04. Elucidation of molecular mechanisms of
particular interactions between proteins or
between proteins and nucleic acids.
90 2002 Life
42 Marine scienceand earth science
76. Realization of forecasting volcanic eruptions
with certainly 2 to 3 days in  advance. 90 2006
Disasters Naturaldisasters
43 Marine scienceand earth science
77. Realization of forecasting outbreak and scale
of pyroclastic fows (nuee ardente, etc.)
accompanying volcanic eruption.
90 2005 Disasters Naturaldisasters
44 Health andmedical care
05. Elucidation of the onsetting mechanism of
Alzheimer’s disease. 89 2007
Life Brain
45 Life science
10. Elucidation of the morphogenic and
developmental processes of the brain at the
molecular level.
89 2014 Life Brain
46 Marine scienceand earth science
80. Development of technologies for maintaining
good balance between the use of fossil fuels and
the conservation of the global environment,
based on elucidation of the whole aspect of the
movement and storage of carbon dioxide
extending over the air oceans and sea bottoms.
89 2010 Environment Globalenvironment
47 Outer space 41. Development of technologies for fullrecycling of water and oxygen at space stations. 89 2006
48 Communications
03. Practical use of large-capacity optical fiber
communications based on optical heterodyne
modes and other types of coherent optical
transmission technology.
89 1999 Information Networks
49 Life science
03. Establishment of technologies enabling
prediction of the functions of proteins from their
higher order structures. 89 2006
Life
50 Environment
06.Elucidation of precise mechanisms of the
emission and extinction of carbon dioxide in the
atmosphere.
89 2003 Environment Globalenvironment
51 Urbanization andconstruction
45. Improvement of water quality by building
various water treatment facilities, seawater
exchanging facilities, etc. in estuaries and bays
near metropolitan areas suffering severe
pollution and contamination.
89 2005 Environment
52 Energy 23. Development of fusion reactors. 89 2021 New energy
53 Health andmedical care
62. Development of effective treatment for
Alzheimer’s disease. 89 2011
Life Brain
54 Life science
90. Establishment of technologies enabling
prediction of the effects of human activities on
natural ecosystems.
89 2008 Environment
55 Information andelectronics
09. Development of large scale integrated
memory silicon devices with an access time of 1
ns.
89 2000 Information Semiconductors etc.
56 Lifestyles andculture
79. Widespread use of local disaster prediction
and prevention systems against earthquakes,
landslides, etc.
89 2007 Disasters Earthquakes
 582
Ranking Field Topic Importanceindex
Forecasted
realization
time
Notes; Classification of topic
57 Life science
59. Clinical application of organ implants by
multiplication and regeneration of their own
cells.
89 2008 Life
58 Health andmedical care
45. Establishment of cure for AIDS. 88 2006 Life
59 Outer space
17. Practical use of technology for measuring in
real time the distribution and movement of
atmospheric pollutants, based on observation
from space.
88 2002 Environment Globalenvironment
60 Outer space
44. Possibility of observing minute space debris
(space dust, broken pieces of satellites and
rockets, and space refuse such as coating chips,
etc.) that are harmful to space stations, etc., and
development of technologies for avoiding such
dangers.
88 2008
61 Life science
93. Possibility of increased food production by
dramatical improvement of photosynthetic ability
in plants
88 2011 Life
62 Particles
11.Practical use of technologies for creating any
desired patterns of 10 nanometers or less by
lithography, using synchrotron orbital radiation
(SOR) as a light source.
88 2004 Information Semiconductors etc.
63 Communications
38. Completion of international integrated
services digital networks (ISDN) covering
virtually all countries, with automatic access
from domestic ISDN.
88 2004 Information Networks
64 Life science
02. Establishment of technologies enabling
prediction of the three dimensional structures of
proteins from their amino acid sequences. 88 2002 Life
65 Transportation
52. Development of four-dimensional control
systems based on aircraft location and time,
including on-board collision prevention systems,
to address increased flight service frequency and
safety.
88 2002
66 Marine scienceand earth science
66. Control of artificial heat generation and
accumulation of heat in the air through improved
technologies for utulizing natural energy, leading
to successful heat balancing of the earth.
88 2015 Environment Globalenvironment
67 Marine scienceand earth science
46. Widespread use of accurate, short-time
forecasting of  very intense rainfall, snowfall,
and other sharply localized phenomena based on
improvement of the radar observation network
and the development of data processing
technology.
88 1998 Disasters
68 Health andmedical care
12. Development of an HIV vaccine. 88 2002 Life
69
Agriculture,
forestry, and
fisheries
70. Realization of systems capable of monitoring
around-the-clock changes in global agricultural
and forestry resources and agricultural and
forestry environments through advancement of
next-generation remote sensing technology with
high resolutions.
88 2004 Environment Globalenvironment
70 Marine scienceand earth science
71. Practical use of technology for predicting and
forecasting landslides or rockslides due to
intense rainfall.
88 2001 Disasters Naturaldisasters
71 Life science 61. Elucidation of the outlines of the molecularmechanisms of development and differentiation. 88 2009
Life
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72 Health andmedical care
14. Enhancement of secondary cancer prevention
(early detection) system and social awareness of
importance of same, resulting in an average
survival rate exceeding 70% five years after
outbreak for all types of cancer (current rate:
50%)
88 2003 Life Cancer
73 Outer space
38. Reduction of the space transportation cost of
1/10 or less of the current cost by using heavier
booster rockets.
88 2010
74 Production
71. Practical use of a technology to assess
potential risk and estim00ate extent of
hypothetical disasters, resulting in spread of
safety measures for industrial complexes, aircraft,
takers, and large-scale storage tank facilities,
based on techniques to determine the proper
balance of scale performance and safety.
88 2007 Disasters
75 Marine scienceand earth science
81. Inauguration of global science and
technology education organizations in the broad
sense for fostering international scientists and
technologists contributing to conservation of
global environment, development and
maintenance of global resource, etc.
88 2000 Environment Globalenvironment
76 Environment
38. Widespread use of product design techniques
easy to recover and separate materials of
disposed durable consumer goods for recycling
purposes.
88 2001 Environment Recycling
77 Materials andprocessing
97. Practical use of carbon dioxide fixation
technology necessary for protecting global
environments.
87 2007 Environment Globalenvironment
78 Health andmedical care
68. Practical use of extremely effective treatment
for atherosclerosis. 87 2007
Life
79 Materials andprocessing
20. Practical use of beam processing technology
which achieves a memory capacity of 1 Gb per
chip.
87 2001 Information Semiconductors etc.
80 Life science 44. Elucidation of the encoding and retrievalmechanisms of memories in the brain. 87 2017
Life Brain
81 Environment
44. Determination of presence or absence of
trans-generation effects of environmental
contamination on human beings.
87 2015
82 Mineral andwater resources
21. Establishment of technologies for forecasting
rainfall with good accuracy, and the effective use
for precipitation.
87 2004
83 Materials andprocessing
57. Practical use of signal responsive missile
drugs capable of efficiently reaching affected
parts such as tumor cells.
87 2006 Life Cancer
84 Environment
40. Development of technologies for turning
harmful wastes into harmless without causing
any secondary pollutions.
87 2006 Environment
85
Agriculture,
forestry, and
fisheries
58. Possibility of prevention of eutrophication
and other types of environmental control in lakes
and marshes, inner bays, shallow seas, and other
major water regions through the development of
technologies for the concentration or absorption
and removal of nitrogen, phosphorus, potassium
and other substances by biological or
biochemical methods.
87 2008 Environment
86 Particles
30.Pracical use of analysing equipment with a
precision ceiling on the order of parts per trillion. 87 2004
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87 Urbanization andconstruction
58. Establishment of nationwide networks for
detecting earthquakes, enabling dissemination of
disaster preventing systems which transmit
information on earthquakes at distances of about
50 km or more in advance.
87 2006 Disasters Earthquakes
88
Agriculture,
forestry, and
fisheries
62. Elucidation of the mechanisms of totipotency
of plant cells. 87 2013 Life
89 Energy 51. Domination of non Freon type airconditioning systems. 87 2001
Environment
90 Mineral andwater resources
31. Practical use of water purification technology
for rivers, lakes, and marshes, spurring
environmental improvement and more effective
water use.
86 2004 Environment
91 Health andmedical care
24. Predominance of preventive medicine in
medical science. 86 2010
Life
92
Agriculture,
forestry, and
fisheries
63. Widespread use of technologies enabling the
storage and use at the DNA and cellular level of
the genetic resources.
86 2005 Life
93 Life science 46. Elucidation of basic molecules concerningwith higher order functions in the brain. 86 2014
Life Brain
94 Information andelectronics
102. Advances in software inspection and
verification technology, enabling short-term
development of error-free, large-scale software.
86 2009 Information
95 Health andmedical care
91. Development of rapid and sure methods of
determining the efficacy and safety (i.e.,
mutagenicity, teratogenicity, and toxicity) of
pharmaceuticals.
86 2003 Life
96 Health andmedical care
57. Practical use of effective means of preventing
cancer metastasis. 86 2011
Life Cancer
97 Life science 09. Thorough elucidation of the structures andfunctions of signal transducing molecules. 86 2006
Life
98 Life science
21. Elucidation of the functions of immunocytes
responsible for the distinguishment between self
and not self.
86 2004 Life
99 Materials andprocessing
23. Practical use of large area amorphous silicon
solar cells with a conversion efficiency of more
than 20%.
86 2004 New energy Solar cells
100 Urbanization andconstruction
44. Development of compact waste water
treatment systems applying biotechnology,
enabling highly efficient processing of
substances not readily decomposed and harmful
substances.
86 2001 Environment
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